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GOVERNMENT CONTROL. 


WHAT. does the Government intend to do? Tele- 
phone shareholders, and likewise shareholders of the 
Submarine Telegraph Company, are on the tenter- 
hooks of expectation. We have already dealt at length 
with the situation as affecting the telephone. A few 
words may now be devoted to the submarine cable 
question. The Government has determined, if it can 
secure the co-operation of the French Government, to 
acquire the control of the telegraphic communication 
between this country and France ; also, with the co- 
operation of the Belgian Government, of communica- 
tion by means of the submarine telegraph between this 
country and Belgium. But upon what terms? That is 
the question which the shareholders of the company 
are now putting to each other and themselves. The 
Government stands committed to the course of pur- 


- chasing the cables, if they are to be purchased ; the pos- 


sible veto of Parliament alone stands in the way, and 
that is not likely to be given. Even should the French 
Government prove obstinate towards that of this 
country and generous towards the company the latter 
would scarcely be in a better position, for, whilst re- 
taining its concessions for landing upon the French 
shores, it would have no foothold upon the English coast. 
The Government would, moreover, prohibit the use 
of the land lines for the purposes of the Submarine 
Company, and would enter into active competition by 
laying cables of its own—a form of competition, taken 
altogether, which would be little short of actual murder. 
Without a landing place, and without the means of 
transmitting messages from large centres to the sea 
coast, the company’s system would perforce collapse. 
Fighting, as far as it is concerned, is therefore entirely 
out of the question, for it is beyond its power. The 
company complains bitterly of a breach of faith on 
the part of the Government. Having promised, or if 
not actually promised, allowed the belief to exist 
that it would co-operate in procuring a renewal 
of the French concession upon the understanding 
that its own messages should receive more advan- 
tageous treatment, the Government was in some 
sort morally bound at the very least to adhere to what 
the Hon. H. R. Brand on Tuesday described as its 
policy of “benevolent neutrality.” That it has not 
done, and there seem to be grave fears that it contem- 
plates a policy little short of absolute confiscation. It 
must be admitted that to buy out an old corporation 
which has practically made the industry of submarine 
telegraphy the success which it undoubtedly is ata 
nominal sum for material, buildings and fittings is 
manifestly unfair, and an abuse of the power possessed 
by the Executive of a great nation. When the facts 
come before Parliament, as they must do, we trust there 


will be men acquainted with the immense advantages 
of the submarine telegraph, and aware of the great ser- 
vices to the advancement of the science rendered by the 
Submarine Company, who will be ready to rise in their 
places in the Houses of Parliament and protest against 
the usurpation of the position now occupied, and well 
occupied, by the Submarine Telegraph Company with- 
out full and fair compensation. There have been com- 
plaints recently that the telegraphic service between 
this country and the continent is not quite so 
satisfactorily performed as might be desired ; but it 
is doubtful whether Government control would remedy 
this condition of affairs, for it does not, so far as we 
have been able to ascertain, rest with the company, but 
with the red tapeists or bureaucrats on the French side 
of the water. 

The question of tariffs, too, has a bearing upon the 
matter. The Government announces, or it has been 
announced, whether upon authority or not, that under 
the new regime the rates would be reduced considerably. 
Whilst the company would scarcely be likely to effect 
a “ considerable ” reduction, it is yet perfectly willing 
to make a fair and reasonable abatement from its pre- 
sent charges. It must be remembered that the present 
tariff was not fixed by the company, but by the English 
and French Governments, the company merely express- 
ing its willingness to work at the rate laid down. We 
believe the public has been well served by the com- 
pany in times past, and would continue to receive con- 
siderate treatment at its hands. The Government 
would doubtless make public requirements its main 
consideration, and would offer the advantages of the 
telegraph at a lower rate than that now imposed ; but 
the public, or the honest part of it, will scarcely desire 
to profit at the expense of those who have shown great 
courage, perseverance, and patience in bringing sub- 
marine telegraphy to its present efficient state. [Since 
the above remarks have been in type information has 
reached us which indicates that the Government is in- 
clined to act more generously towards the company 
than was at one time anticipated. ] 


A STITCH IN TIME. 


THERE is a method of fitting up electric lighting 
installations which appears to us eminently unsatisfac- 
tory. There are in this great metropolis, as everywhere 
else, men who are neither financially nor scientifically 
capable of carrying out contracts which, through the 
indiscretion of the public in matters of reference, 
happen from force of circumstances to fall into their 
hands. The contract once secured, the next step is to 
engage the services of one or more sub-contractors, and 
the work of the installation is commenced. Those 
who do the work are not likely to quote for the best of 
articles if the price is limited, and the result is in- 
different materials and bad workmanship throughout, 
for how is the man who is irresponsible financially 
and scientifically to insist upon excellence, even if his 
intentions be good. Independently of this, the sub- 


contractor is in some cases in no better circumstances 
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than he who gained the contract, and at times there 
are no funds forthcoming to meet the expenses as they 
are incurred. The first named wants cheques at fre- 
quent intervals from his superior, this gentleman 
requires numerous instalments from his client; the 
sub-contractor supplies goods of an entirely different 
nature from those which he guaranteed, or it may be 
that he omits altogether to instal certain fixtures which 
nevertheless appear in his bill ; this leads to squabbling, 
and perhaps to threats of what the Law can enforce, 
amongst all the parties to the transaction, and the work 
goes dragging on its weary length at the sweet will of 
the British workman, who generally cares but little 
what happens, so long as he gets his full pound of 
flesh from fis employer. When all is finished what 
result can be expected? Fortune, we know, favours 
the brave, and possibly all may go well for a time: 
on the other hand frequent extinctions may result, 
or an incipient fire, discovered before serious damage 
is entailed, need not be altogether unlooked for, but 
in either case we fear the ultimate result will be the 
same, and the believer in the electric light will 
eventually becume a sadder if not a wiser man. 

The moral of all this is that people who are desirous 
of becoming their own electric light producers should 
engage the services of a competent technical adviser. 
How many men would buy land or house property 
without consulting an estate agent or surveyor? how 


many build a mansion without conferring with an archi- 


tect with regard to its design, or “ go for” one another 
without first obtaining legal advice? Yet where elec- 
tricity is concerned nearly all that may besaid, no matter 
how absurd or impossible on the face of it, is taken as 
gospel. We could a tale unfold respecting the fitting 
up of a well known London theatre which would open 
the eyes of some of our readers, but we refrain from 
entering into particulars in the hope that if this crosses 
the line of vision of those concerned it may act as a 
warning. 


WHEN a paper is announced to be read before the 
Society of Telegraph Engineers and Electricians, and 
that a lengthy one withal, is it quite advisable that at 
very nearly the last moment another paper, equally 
long, should be read at the same meeting, even though 
it be on a similar subject ? We scarcely think it fair 
to the author of the first communication, even if he 
expresses his willingness that the second should be 
taken in conjunction with his own ; nor do we believe 
it to be satisfactory to the members who assemble to 
listen to and to discussany given topic. There may be 
people who can sit and listen to the views of two 
gentlemen who are both discussing the same subject, 
perhaps from entirely opposite points of view, and then 
feel ready to give vent to their criticisms without 
becoming in the least mixed up between the two 
papers ; still we think the majority of men would 
prefer to hear, discuss, and thoroughly exhaust the 
matter of one subject at a time. 


WE can recommend to the attention of our readers the 
paper read before the Society of Mechanical Engineers 
by Mr. Geipel “On the position and prospects of Electri- 


city as applied to Engineering ” as a popular treatment, 
but none the less interesting from a scientific point of 
view, of the employment of electricity for lighting, trac- 
tion, transmission of power, and of its economic use for 
these purposes. The elucidation of elaborate formulx 
is not attractive, as a rule, to practical men who have 
little or no spare time at their disposal. We do not for a 
moment suggest that strictly scientific papers should 
not be read—far from it—but we do suggest that the too 
frequent display of mathematical fireworks should be 
tempered by subjects which, in nature and mode of 
treatment, appeal more strongly to the majority of the 
members and associates. 


La Lumiere Electrique describes some experiments 
made by Mons. d’Arsonville upon an apparently 
genuine case of a human body endowed with extra- 
ordinary electric properties. The person in question is 
a woman aged 32, of hysterical disposition, who since 
the age of 14 has attracted attention from the brilliant 
sparks given off from her hair. During the last six years 
the phenomena attached to her case have increased, anil 
have become almost permanent, excepting in very damp 
weather. Her fingers attract light objects, such as paper, 
ribbon, &c., clothing is sensibly attracted and adheres 
strongly to her skin, strong positive currents, as 
shown by an electrometer, are noticed. Her son, aged 


14, displays the same phenomena, though less strongly 


marked. 


THE papers which we have already published from 
the pen of Mr. Addenbrooke have hitherto escaped 
comment, but, if we are not mistaken, the ideas which 
he fosters respecting the question of insulation will 
not escape some sharp criticism. Doubtless the weak 
points in the insulation resistance of an electric light 
installation are to be found in the switches, cut-outs, 
&c., and not as a rule in the conductors themselves ; 
but we fancy if Mr. Addenbrooke’s views were 
accepted as correct matters would soon come to a 
pretty pass. One would have thought that his line of 
argument would have been to impress upon us the 
necessity of still better insulation for our electric light 
conductors when we consider the very high dielectric 
resistance needed for submarine cables which only 
carry comparatively infinitesimal currents. But it 
may be that as telegraph cables and electric light leads 
are the very antithesis of each other, so he thinks that 
the insulation of the two types of conductor should 
also be of the same opposite character. We fancy we 
can see what he is driving at, and that is if we could 
secure what might be called a homogeneous insulation 
we could well afford to use a dielectric resistance many 
hundreds of times less per mile than we are at present 
compelled to adopt. Nevertheless we must altogether 
dissent from his statement that an ozokerit compound 
without any further insulation is the best for internal 
purposes. Why, we question whether Messrs. Henley 
& Co., who ought to knowas much of ozokerited leads as 
any firm in existence, would supply anything so treated 
without a layer of pure rubber and others of vulcanised 
rubber to serve as insulation. The ozokerit is used 
more as a preservative of insulation already there, and 
as a moisture-proof material, than as an insulator pe7' se. 


WE have carefully examined the prospectus of the 
Institute of Medical Electricity, Limited, which is 
advertised in our columns this week, feeling that, after 
the notice the subject of medical electricity and its 
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abuse by quacks and charlatans has recently ‘received 
from us and our correspondents, special attention to 
this matter is necessary. We find that the objects of 
the institute are excellent, and moreover sound from a 
scientific point of view. Of the high standing of its 
medical and scientific supporters there can be no 
question, and there is much cause for congratulation 
in the fact that men in the first rank of the medical 
profession have joined their electrical brethren in 
helping forward so admirable a scheme. A memo- 
randum to the following effect :—“ We are of opinion 
that the objects of the proposed Institute of Medical 
Electricity are worthy of encouragement, and that the 
plan of management is a good one. We therefore re- 
commend it for general support, as supplying a present 
want,” has among its medical signatories a Bart. who 
is Past-President Royal College of Surgeons, a knight 
who is hon. surgeon to the Queen and M.P., a vice- 
president Royal College of Physicians, and several 
Fellows of that College. The first list of promised 
“ visitors ” includes another medical knight of world- 
wide reputation, and on the electrical side some of the 
chief officers of the Society of Telegraph-Engineers, 
both past and present, with the justly popular scientific 
Bart. and M.P. for London University at their head. 
There seems therefore ample justification for the clause 
in the prospectus which states: “Since it is thus 
abundantly proved that there is a decided want for 
such an institute, and that several of the most dis- 
tinguished members of the medical profession them- 
selves recommend it, there can be no doubt that a 
large field of operation lies before this company.” 
Another satisfactory feature is that “there are no 
patent or other rights to be taken over, nor are there 
any vendors or promoters’ fees to be paid.”” When we 
add that a gentleman so well known and respected in 
the electrical world as Mr. W. Lant Carpenter, B.Sc., 
is one of the directors, that Prof. Silvanus Thompson’s 
name appears amongst the signatures, and that the 
bankers are Messrs. Robarts, Lubbock & Co., we think 
our readers will agree that the Institute is indeed 
worthy of “general support,” and we have no doubt 
that the small capital required will be readily subscribed. 


THE other day we were shown some samples of leads 
which we undestand were employed in an installation, 
rejected by the fire offices, somewhere in the country. 
We need not enter into particulars of the covering 
which the conductor bore, suffice it to say that the in- 
sulation was spare and the protection against mechanical 
injury still more so. This, of course, is not the fault 
of the manufacturers who, we imagine, work to a 
specification, but it is time that some protest should be 
made against the use of leads which are in any way 
likely to create a feeling of doubtful security in the 
minds of those who have to inspect electric light in- 
stallations. We have heard on excellent authority that 
fires of an incipient, and sometimes more serious nature, 
are becoming alarmingly frequent in this country, and 
it therefore behoves us all to try to stamp out that 
kind of work which is technically termed “ scamped.” 


Now that the price of copper is so high, would it not 
be to the interests of electrical engineers to devise some 
shape for, or arrangement of, conductors which would 
enable them to use heavier currents with a given 
Weight of copper than is at present the case? Asan 
example of what we mean, take the case of a wire 
having a diameter of 2 inches, against four others of 
1 inch placed in parallel, Electrically, each type 


would have the same carrying capacity, but in the case 
of the smaller conductors the radiating surface would 
be double that of the single one. We would, however, 
have it understood that we here allude to naked wires 


only. 


THE Calendar and General Directory of the Science 
and Art Department for 1888 was issued on Saturday. 
It tells us that there are 2,308 schools in the United 
Kingdom in which science or art classes are held. In 
these schools 73,378 students are receiving a training 
in Art, and 104,821 are learning science. Mathematics, 
as we might expect, heads the list of the science classes 
with a total of 30,852, and it is followed by inorganic 
chemistry with 20,122. The immense development of 
electrical industries is well shown in the fact that mag- 
netism and electricity are taught to 20,032 pupils and to 
a number of classes which stands second only to those 
for elementary mathematics. The greatest number of 
English students, after those who take up mathe- 
matics, enter for chemistry, machine construction, phy- 
siograpy, and electricity. Their Scottish fellows select 
electricity and the same subjects in a different order. 


Iron thinks it is well that we should be pre- 
pared for the time when electric light wires will be 
common by beginning to put our telephone and tele- 
graph wires underground. It is led to this conclusion 
by reading of the accidents which have recently 
occurred in the United States through the crossing of 
telephone wires with electric light wires. Let Jron 
suggest a method which shall be cheap and yet as effi- 
cient as overhead systems ; engineers will not hesitate 
to put it into practice. 


OvR note on the Palmer dynamo last week has eli- 
cited a letter from a correspondent who sends us a 
description and a sketch of a continuous current ma- 
chine without a commutator, designed by him some 
little time ago. As his communication is private, of 
course we withhold his name, but we may discuss his 
very ingenious, but, we fear, unworkable dynamo. 
The armature consists of a number of radial spokes, 
and these are revolved so as to cut a continuous uniform 
field produced by magnets not shown fully, but no 
doubt consisting of large cores with the axle running 
in holes in their centre line. Eachspoke consists of atube 
of iron with a tube of copper outside it, and a rod of cop- 
per inside it, the copper being insulated from the iron. 
The conductors on the spokes are connected up in 
series ; that is to say, at the outer end the tube and rod 
are connected, and at the inner the tube is connected 
to the rod of the next’ spoke. The inventor's theory is 
that the current will be induced in the outer tube, and 
as the interior rod is shaded by the iron, no back elec- 
tromotive force will be produced there. The fallacy is 
in the assumption that a current will be induced in the 
outer tube and not in the central rod. If we imagine 
the lines of force fixed, so that the outer tube cuts them, 
the inner rod must also cut them. If we imagine the 
lines of force to move round with the armature they 
cut neither conductor, so no electromotive force is pro- 
duced, Treating this on the line of force method it 
must be remembered that a line of force must be a con- 
tinuous circuit, it cannot break off at a hole. There 
are very few lines of force per square inch across the 
rod, but they jump from one side to the other rapidly, 
so that the number that cut the rod per second is the 
same as the number that cut the tube, 
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ON THE DIFFERENCE OF PHASES OF CUR- 
RENTS, ON THE RETARDATION OF IN- 
DUCTION, AND ON THE DISSIPATION OF 
ENERGY IN TRANSFORMERS. EXPERIMEN- 
TAL AND THEORETICAL RESEARCHES. 


By Pror. GALILEO FERRARIS. 


(Continued from page 134.) 


Now, it will be seen that the agreement of the for- 
mule (I’), (II’), (III’) with the experimental results is 
much less imperfect than that presented by the for- 
mule (1"), (11), (IIT"). 

In fact, we have seen that if we let 7 increase, the 


value of ; obtained experimentally does not remain 


constant as (III’) indicates but increases with r as is 
required by the formula (III’). 

If in a system of Cartesian co-ordinates we take as 
abscisse the values of 7, and as ordinates those of 


3 and if we then suppose that » and @ are indepen- 


dent of 7, the formula (III’) is the equation of a right 
line. This being done within the limits of approxima- 
tion recognised for the instruments employed, it will 
be found approximately verified in the series experi- 
ments above referred to (see the line I in the accom- 
panying plate). But thus, in fact, » decreases with the 
increase of 7, as it may be seen that in general the line 
of which we have been speaking will be convex to- 
wards the axis of the abscissz, and we shall see that 
likewise this prevision is experimentally confirmed. 


If r = 0, the formula (III") gives > = ; the line 


. represented in the equation (III’) ought to cut the axis 


of the ordinates at a distance from its origin equal to 
. Now this is verified, as we have shown, with as 


close an approximation as the experimental method 
admits of. Likewise the equation (I') is reconciled 
with the experimental results better than (I’). The 


values of : and of 7 measured in one series of ex- 
periments and by means of formula (I") agree, and if 
the values of » and of * are determined by the method 


of least squares, it is observed that both vary within 
the limits of resistance in which we operate, and that 


A, 
diminishes exactly as 7 and increase. 


Now the fact may be due to several causes, but mean- 
while it finds an explanation in the simple comparison 
of (I’) with (I). It is sufficient to note that if we take 


as abscisse the values 7”, and as ordinates those of 5 
we obtain a right Jine from which a is the angular co- 


efficient, and (~;) is the ordinate at its commence- 


ment, and that in turn the equation (I’) gives a curve 


concave towards the axis of theabscisse. Thevalue of ; 


to which we are led by the method of least squares cor- 
responds to a chord of the curve, and it is, however, 
greater than the reality, and so much the greater as the 
values of 7 are greater to which the portion of the curve 
under consideration corresponds, 


SECTION 5. 
Causes of the Retardation: Foucault Currents. 


The foregoing considerations justify the hypothesis 


which serves as the foundation of the equations (5) and 
(6), and demonstrate the possibility of discussing and 
interpreting the results of our experiments by means 
of the formule at which we have arrived, Before 


occupying ourselves with such a discussion, it is advisable 
to enter more thoroughly into the physical interpreta. 
tion of the phenomena. 

One cause of the retardation, 0, consists in the fact 
that the magnetisation of the iron corresponding to a 
given value of the magnetic force is different according 
as this is progressively increasing or decreasing, and is 
less in the former case and greater in the second. In 
our case, in which the magnetising force and the 
magnetism are supposed to be sinusoidal functions of 
the time, the effect of the phenomenon just named is 
that the sinusoid representing the magnetisation asa 
function of ¢ has a retardation, 0, in respect to the 
sinusoid representing the magnetic force. The elec. 
tromotive force of induction in the two coils is 
approximatively proportional to the variations of the 
magnetisation when this remains behind the mean re- 
tardation of the variations of the magnetising force. 
Now the magnetising force is k i + k’ @ in which 
k and k’ are constants, whilst the electromotive forces 
of induction are proportional not to the derivatives of 
zand of 7@ corresponding to the time, /, but to those 
corresponding to ¢ — 6. Thus it happens to the 
differential equations (5) and (6) on the sole condition 
of traversing the electro-dynamical inductions which 
take place independently of the iron and which, in fact, 
are minimal. 

But another cause of retardation consists in the in- 
duced currents in the core and in other metallic parts 
of the apparatus, currents which are commonly 
called Foucault currents. It is known that the 
retardations due to these currents may be very great 
and may have an importance secondary only to those 
directly due to the time necessary for the variations of 
the magnetic polarisation. We can demonstrate that, 
without admitting @ priori any retardation and disre- 
garding the time occurring for the variations of the 
magnetic polarisation, but taking merely into considera- 
tion the Foucault currents, it is possible to foresee 
the relations which we have deduced from the differen- 
tial equation (6). 

The phenomena in question are not of such a nature 
that they can be submitted to a rigorous and complete 
mathematical analysis; but we may, nevertheless, 
undertake to see if, at least with a preliminary approxi- 
mation, and at least in the case of our experiments, the 
formule (1), (11), (II1), agree with those resulting from 
a consideration of the Foucault currents. 

We do not know how the currents of Foucault are 
distributed in the iron of the core and in the other 
metallic parts of the transformer ; we know only that 
for a given form of the apparatus they must be sym- 
metrically distributed about the axis, and that except- 
ing short portions near the extremities, they must be 
uniformly distributed over the whole length of the 
transformer. But for our purpose and for the degree 
of approximation to which we wish to limit our- 
selves, we must admit that the Foucault currents are 
equivalent for the effects which we have to consider to 
a single alternative current. Thus the problem is 
reduced to a consideration of the induction only in 
three alternating currents, that is the two currents, 
primary and secondary, existing in the two coils of the 
transformer, and that of which we have been speaking. 

Let vs call : 

i, 7’, J the intensity of the three currents at the end 
of the time, ¢. 

R, 7, p the resistances in their circuits. 

M, the coefficient of mutual induction in the two 
spirals, the primary and the secondary. 

L,, L,’ the coefficients of specific induction of the 
same spirals. 

M2, M,’ the coefficients of induction of the circuit of 
the current, 7, in two coils. 

L, the coefficient of induction of the same current, /. 

e the existing electromotive force at the end of the 
time, ¢, in the primary circuit outside of the trans- 
former. 

If we treat as constants the coefficients of induction 
and the resistance, p, we have the three differential 
equations : 
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di’ di j \ the values of the separate magnitudes A, B, H, a, f, 
' but merely to determine the ratios ae and the dif- 
M, + + rié=0} (10) ferences of the phases — a, y — «a hence so, of the 
six equations (13), (14), (15), we require merely the 
di di’ four last. On — the two last as regards H sin 
Ms + Magy t =0 as 


y and H cos — aS y and inserting the values found in 
Supposing that 


9 (1) we obtain : 
t 
e = E’ sin—— 
these differential equations are satisfied by expressions - 
of the form 9 


A sin” — a), (11) 
B sin (t— B), 


j= Hsin (¢ — y)s 


and in order to obtain the six equations necessary for Qn 

the determinations of A, B, H, a, /3, y, it is sufficient to cos = pB=0. 

introduce the values (11) and (10), and to equate 
then to zero the sums of the terms which — \ 


sin and that of the terms which multiply cos 
If we put 
9 Xs 
2 2 ? 
The equations namned will be written : + p? B| 
2a ‘ 
a sin + R cos «) + sin p= 0. (16) 


— If we now put 


A (r.cos a — Rsin ~ «) + Bp, cos 
p sin 
T + 


9 
A p, Sin = B 2 
a+ (x cos ™B+r Ma (17) 
= AQ” + 
eee i B) + Hp,’ sin _r79 the two last equations may be written : 
(14) 
2 2 3+ 0 r =0 1s 
sin B) +H py! cos 27, = 0 7 Bt )+ (15) 


A p COs (a+ 


A py sin « + B p,' sin 
(19) 


differing only from (8) and (9) of the foregoing para- 

graph because there occur in them two distinct re- | 

A py sin "a+ sin tardations, and 0’, in place of the single one, 6, which 

T we find in these. ; 
If the terms in B are transposed into the second 

members and are raised to the square, and if the two 

equations are added, we find 


+H sin + pcos ) =0 (15) 


A, sin pcos 


7=9 


2 2 
A ply COS Bp, cos 


2 
A? pp? = B? +774+2rrsin = 0’) 
H (r. cos 777s T 7) = 0 a formula which corresponds to (1) in the preceding 
B pan paragraph. 
ut as for our purpose it is not needful to determine (To be continued.) 
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RESULTS OF THE ELECTRIC TRANSMIS- 
SION OF WORK FROM KRIEGSTETTEN TO 
SOLOTHURN: 


Descrisep By Pror. H. F. WEBER, as REpoRTER OF THE 
CoMMISSION OF MEASUREMENT. 


AT the end of 1887 the Oerlikon machine factory set 
up an installation for the electrical transmission of the 
work of a water power from Kriegstetten to Solothurn. 
_ Before the electrical machines were sent out from the 
workshops at Oerlikon to their places of destination, 
the machine works caused a series of experiments to 
be executed under the direction of Herr Amsler, of 
Schaffhausen, and with the co-operation of other experts. 
The object of these trials was to decide on the magni- 
tude of the useful effect of the transmission of work 
which was to be expected, and to furnish a reply to 
some important questions concerning the installation. 
In these experiments the two primary machines 
arranged in series were connected by means of an iron 
wire having a resistance of about 10 ohms with two 
secondary machines, standing very near and also 
arranged in series. It was to be ascertained :—l. The 
proportion of the work given off by the secondary 
machines to the work taken up by the primary machines. 
2. The dependence of the speed of working at the 
secondary station on the speed of working at the primary 
station ; and 3, the alteration of the speed of working 
at the secondary station with the magnitude of the 
work transmitted. The object of the experiments was 
simply the examinatiou of mechanical values, entirely 
disregarding the measurement of the electrical values. 
The experiments showed that in the mean 70 per 
cent. of the work passed into the primary machines was 
given out at the secondary station as useful work ; that 
_ the speed in the secondary machine was almost equal 
to the speed in the primary machine, and that the 
speed of the secondary machine remained almost 
constant among great differences in the work performed, 
provided only the primary machine was driven at a 
constant speed. 

For the determination of the mechanical work, a 
new process was employed which was founded upon 
tune utilisation of the electro-magnetic reciprocal action 
between the inductor and the electro-magnets of the 


| 
i 

| 


here be given since it has been furnished by Herr 
re in a report in the Schweitz Bauzeitung, VIII, 
p. 157. 

These measurements and their results have met with 
various objections. 

It was contended that the mean useful effect of the 
transmission of work as realised at Oerlikon could not 
be at once accepted as the useful effect of the installa- 
tion Kriegstetten-Solothurn, since in the Oerlikon ex- 
periments the two groups of machines were connected 
by a relatively short and well insulated iron wire, whilst 
in the installation when at work the primary station 
would be connected to the secondary by a conductor of 
bare copper wire nearly six miles in length, which 
could not offer such a perfect insulation as was attained 
almost without any trouble in the Oerlikon experi- 
ments. 

Doubts were also expressed whether the method of 
measurement adopted for determining the work taken 
up by the primary machine and that given out by the 
secondary could be so dealt with as to take full account 
of all disturbing influences. For, it was inferred, if 
the mean result were correct, according to which the 
useful effect of the transmission of work is about 70), 
the ‘machines must have an average useful effect of 
about 85 per cent.,a value which may be regarded as 
improbably high. From the further fact that single 
experiments gave a decidedly higher useful effect it was 
even concluded that the experiments were inaccurate. 

The one-sided character of the Oerlikon experiments 
and the above-mentioned criticisms of their results, 


* This report is reprinted from Vol. XI., Nos. 1 and 2 of the 
Schweitz Bauzcitung (Swiss Building Journal). 


dynamos. An exposition of this principle need not - 


induced Herr Amsler to invite the Oerlikon Machine 
Works to further experiments on the performance 
of their machines as regards the electric trans. 
mission of power. Such experiments were to be in 
two respects more complete and more trustworthy than 
the Oerlikon measurements. These new measurements 
were to be extended to all magnitudes which occur in 
the process of the electric transmission of work, both 
electrical and mechanical, and secondly, these new ex- 
periments were to be conducted with the installation 
when completed and when it had been at work for 
months, so that the results might be accepted as an 
enbodiment of the real capabilities of the machinery 
and of the circuit. The Oerlikon Works readily 
accepted the proposal. Herr Amsler obtained the co- 
operation of Prof. Weber, Engineer Keller, Prof, 
Hagenbach, and Prof. Veith. These gentlemen con- 
certed their plan of operations, and the measurements 
were actually effected in October last. 

At the primary station, Kriegstetten, there is a water 
power varying from 50 to 30 horse-power. Its work 
is transmitted electrically nearly six miles to Solo- 
thurn, to the workshops of Herr Miiller-Haiber. The 
work of the water-power was transmitted by means of 
a turbine to two equal primary dynamos, arranged in 
series. Each of these machines, at the normal speed of 
700 turns per minute, was to furnish an electromotive 
force of about 1,250 volts, and carry a current of 15 to 
18 ampéres, without suffering any appreciable heating 
in its masses of wire. At the secondary station there 
are likewise two equal and similar machines connected 
in series. In form they do not differ from the primary 
machines, but in magnitude and capabilities they 
are somewhat inferior. The circuit between the two 
stations is above ground, and consists of bare cop- 
per wire 6 mm. in thickness. In order to obviate pos- 
sible disturbances in working, which might result 
from any injury to the primary or secondary machines, 
a third similar wire was fixed, the ends of which are 
connected to the main circuit between the two 
primary and the two secondary machines. This third 
wire takes no part in the normal function of the instal- 
lation, and was therefore disconnected during the mea- 
surements. The plant has been in full action since 
December, 1886, without any interruption. 


The Instruments and Methods for Measurement. 


For measuring the strengths of the currents and the 
potential differences brought into play in electric trans- 
missions of work industrial instruments have been 
generally used, purchasable ampcremeters and volt- 
meters with empirical graduations. These instruments 
are not sufficiently sensitive, nor do they give com- 
parable results. Hence scientific instruments were 
employed, such as are used in operations of research. 

For the simultaneous determination of the strength 
of the currents at Kriegstetten and Solothurn, there were 
used two large identical mirror-tangent galvanometers. 

Particular care was applied in obtaining trustworthy 
indications as to the magnitude of the potential differ- 
ences in question. For this purpose the most complete 
insulation was necessary. Two instruments from the 
electrical laboratory of the Federal Polytechnicum at 
Ziirich were therefore specially adapted to this purpose. 

The resistances of the machines and of the circuit 
between them were measured by means of a Wheat- 
stone bridge with the Kirchhoff wire, and with 
accurate resistances prepared by Siemens and Halske. 

The measurement of the work was performed by 
means of a brake. 


Conclusions from the Results of the Measurements. 


From the measurements in question the following 
general conclusions may be dednced with certainty :— 

1, The dynamos acting at Kvieystetten and Solothurn 
yield a practically useful effect ranging between ('5/ 
and 0°89. 

Comparisons of the practically useful effect of these 
machines with the practically useful effect of other 
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machines cannot be instituted, since almost all the 
alleged useful effects of other machines have been 
deduced from electric measurements effected with in- 
dustrial measuring instruments for strengths of current 
and differences of potential, but such instruments yield 
in almost all cases results which are inaccurate to the 
extent of several per cents. 

2, The insulation of the circuit arranged between 
Kriegstetten and Solothurn is almost perfect, even 
with potential differences exceeding 2,000 volts, since 
even the most delicate means of observation for 
strengths of current and tensions indicate a barely 
perceptible trace of an escape of the electric current to 
the earth. 

Thus it is shown that the insulation of a circuit 
of bare copper wire, effected by means of Johnson- 
Phillips liquid insulators, may be regarded as perfect. 
If such an insulation is employed it will be in future 
no longer necessary to examine an installation for 
the electric transfer of power at the very spot and 
whilst in action in order to obtain an accurate know- 
ledge of its capabilities. It is quite sufficient to 
connect the primary and secondary dynamo in the same 
locality (by means of any well insulated conductors) 
with a resistance equal to the resistance of the conduc- 
tors required for the transfer, and in such a combina- 
tion to carry out the measurements in the laboratory 
of the machine works. This identity of the place of 
the measurements simplifies the operation to a great 
degree, as every one knows who has ever taken part in 
measurements which had to be effected simultaneously 
in several distant places, and has become acquainted 
by experience with the many precautions and diffi- 
culties which are inseparably connected with such 
determinations. 

3. The useful effect of the electric transfer of work 
between Kriegstetten and Solothurn amounts almost 
exactly to 75 per cent. in the case when both the 
primary and both the secondary dynamos are in action, 
and the former receive work of about 31 horse-power. 
When only one primary and one secondary dynamo 
come into action, and the work of 17 to 18 horse-power 
is conveyed to the primary machine, this useful effect 
sinks to about 68 per cent. 

This decrease of the useful effect in the latter case 
is in complete agreement with the theory of the elec- 
tric transfer of work. According to this theory the 
useful effect of the transfer is equal to the product of 
the commercial useful effects of the primary and the 
secondary machines multiplied by the quotient of the 
potential difference at the terminals of the secondary 
machine and the potential difference between the 
terminals of the primary machine. The product of the 
useful effects of both machines remains almost equal 
for different loads of the machines, whilst the quotient 
of the two potential differences just mentioned, or, what 
amounts to the same thing, the value 1 = under- 
goes considerable variations according to the variable 
demands made upon the installation. This value is so 
much the greater the greater are the potential differences, 
A P,. coming into play whilst the product, 7. W, remains 
approximately equal. 

As the installation in question has to serve its pur- 
pose by means of the application of the two primary 
and the two secondary dynamos, transmitting from 
Kriegstetten to Solothurn an average work of 20 to 30 
horse-power, the useful effect of 75 per cent. must be 
regarded as the useful effect of the actual working con- 
ditions of the installation. A useful effect of this pro- 
portionate magnitude has not yet been obtained in 
the more extensive installations for the electric trans- 
mission of power hitherto carried out. Several physical 
causes coincide in the production of this exceptionally 
favourable result: the high practically useful effect 
(87 to 89 per cent.) of the dynamos of the Oerlikon 
machine works, the small distance (only six miles), the 
low resistance (about 9 ohms), effected by a consider- 
able expenditure of copper, the relatively great electro- 
motive forces (2,000 volts) brought into play and 
finally the almost perfect insulation of the circuit. 


ON ELECTRO-DYNAMOMETERS FOR MEA- 
SURING THE MEAN INTENSITIES OF 
ALTERNATING CURRENTS. 


Up to the present three methods have been adopted for 
measuring the intensity of alternating currents. They 
are based upon the employment of three different 
instruments—the calorimeter, the quadrant electro- 
meter, and the electro-dynamometer. They all give the 
square of the mean intensity, I,,. Measurement by the 
electro-dynamometer is at once the most direct and the 
most convenient method ; therefore this is the instru- 
ment that is generally used in electrical laboratories. 
But Messrs. G. Maneuvrier and P. Ledeboer state in 
Comptes Rendus that there is one objection to it, viz., 
the introduction of a disturbing element into the action 
and mean intensity of alternating currents in conse- 
quence of the self-induction of the two bobbins of 
which it is constituted.* They thought, therefore, that 
it would be interesting to find out the magnitude of the 
errors that would arise and the degree of accuracy 
possible to attain in electro-dynamometrical measure- 
ments. 

Their researches were confined to two electro-dynamo- 
meters of the Weber type :—one by Siemens, with its 
two bobbins connected in series, as usual; the other 
by Carpentier, in which they were, on the contrary, 
coupled in quantity. In both, moreover, the effect of 
mutual induction is annulled, and that of self-induction 
reduced to a constant value, as the two bobbins are 
kept invariably set at right angles. They worked 
in two ways, viz., by calculation and by experiment, 
according to whether they knew or did not know the 
function of the time representing the intensity, 7, of the 
variable current at the moment, ¢. 

The function, 7, has been determined by M. Joubert 
for the Siemens machine. This is the most simple 
case of alternating currents, for the armature of this 
machine is without soft iron and its coefficient of self- 
induction may be considered constant. The intensity, 
i, then satisfies the differential equation 


di t 
(2 = 


in which R, L, E, and T, are constants, viz., the resist- 
ance, the coefficient of self-induction and the maximum 
value of the electromotive force of the total circuit, and 
T the duration of the entire period. They deduced from 
this by the ordinary processes of integral calculus 


ier E 
372 
R 47 L 


+ R? 


Now, when we introduce a Siemens electro-dyna- 
mometer into the principal circuit, the instrument 
merely produces a modification more or less slight of 
the total resistance, R, and the coefficient, L. If we 
call p and \ the constants of the instrument, we get 
the new equations 


(2a) (R +p) i+ 4) = 


and 


Ey 1 
T’ (R+p)? 
Taking the ratio of 1’,, to I,,, we get the fraction 


Im R+p 4n° (L+ r)? j stitutes the disturbing facter 


i+ Tr (R+p)? of the instrument. 


This formula does not apply to the Carpentier electro- 


dynamometer, for the latter measures not 7, but 7’ 7’, 


* See J. Joubert. “ Etudes gur les machines magn ‘to-clectriques.” 
(Annales de l’Ecole Normale Supérieure, 1881.) 
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the product of the two currents that are derived in the 
two bobbins. Calculation gives us, in this case 


: the second term of which, 
which is the function of the 
period, T, as well as of the 
V resistances, 7” and of 
5 the coefficients of self-in- 
(5) 427 +1")? | duction, 1", of the bob- 

1 + | constitutes the dis- 
T(r +r")? } turbing factor of the in- 

strument. 


By substituting the numerical values of the Siemens 
machine in these two formule (L =0°104 x 10°, R= 
20 ohms), we found : 
Speed per minute. T Siemens. Carpentier. 
10003 1:0010 
0-01" 1:0005 1:0077 


But, in the case of alternating current machines, the 
induced part of which is furnished with soft iron, 
such as the machine called self-exciting of Gramme, 
we cannot admit @ priori that their electromotive 
force is represented by the simple function of the sines. 
In this case the experimenters were obliged to give 
up calculation and have recourse to experiment. 
They first graduated the electro-dynamometer by 
means of a continuous current, 7.¢c., and determined 
the degrees 7, %,... . Which correspond to the 
intensities 7, 7,,7%,.... No objection can be raised 
against this operation, since self-induction does not 
enter into it.* They then subjected the instrument 
to alternating currents to which they gave suc- 
cessively the same mean intensities, 7, 7,, %,... . 
and determined the degrees n’, n’,, n’,, which were 
then indicated. There only remained to form the 
series of fractions", "1 ~ 1, in order 
n ny Ny 
to obtain the relative values of the divergences and fix 
the limit of the disturbing influences. 

Experiment brought the same results as calcu- 

lation. An electro-dynamometer, placed in the prin- 
cipal circuit of an alternating current machine, really 
exercises upon the mean intensity a disturbing in- 
fluence, which depends on the period, T, and which 
increases in proportion as that decreases. This dis- 
turbing influence is considerably greater for electro- 
dynamometers with bobbins in derivation, like that of 
Carpentier, than for ordinary electro-dynamometers. 
But with either we may assert that it does not exceed 
yooth of the mean intensity of the current, at least 
within the limits of speed of rotation to which they 
confined themselves. And as tothe alternating currents 
having a shorter period, their mean intensity can 
always be measured by the electro-dynamometer, with 
the same degree of approximation, on condition that the 
coefficient of self-induction of the instrument is 
diminished in proportion as the speed of rotation of the 
electro-motors increases. 
- Now, if we consider that the constancy of the cur- 
rents of electric machines is closely connected with the 
constancy of the speed of rotation, and that the latter 
under the best industrial conditions rarely exceeds a 
regularity of +45, we may conclude that it would be 
unreasonable to expect from measuring instruments an 
accuracy greater than the regularity of supply from the 
sources of electricity. 


Atmospheric Electricity.—The Council of the Royal 
Meteorological Society have arranged to hold, at 25, 
Great George Street, Westminster, on March 20th—23rd 
next, an exhibition of apparatus connected with atmos- 
pheric electricity, including lightning conductors, pho- 
tographs of lightning, and damaged objects. ‘I'he com- 
mittee will also be glad to show any new meteorological 
instruments or apparatus invented or first constructed 
since March last, as well as photographs and drawings 
possessing meteorological interest. 


* We estimate the intensities i, i,, i... . . by taking the differ- 
ences of potentials e, ¢,,¢,. . . . at the extremities of well-known- 
and invariable resistances, r, 7, r:,. . . . by means of a quadrant 
electrometer, and by M. Joubert’s homostatic method. 


INSULATION OF CONDUCTORS FOR 
INTERNAL WORK. 


By G. L. ADDENBROOKE. 


FOLLOWING the articles which have already appeared 
on “ Wiring” froma general’ standpoint, and on the 
“Conductors” themselves, for house and general in- 
ternal electric lighting work, it is now proposed to say 
something on the insulation of conductors for such 
work. 

The insulation of conductors for conveying electric 
currents considered generally is such an important and 
wide-reaching subject that to go into it adequately in 
its various branches would need quite a treatise if not 
a large volume, and therefore in this article | limit 
myself and the conclusions I draw absolutely to the 
matter in hand and what is said must be understood to 
apply to conductors conveying currents at a density of 
about 1,000 ampéres to the square inch, and at any 
potential of from 50 to 100 volts or thereabouts. 

Up to the present nearly all, one might say all, our 
exact ideas on the subject of the insulation of conduc- 
tors are drawn from experience gathered in telegraphic 
fields. For submarine cable working and for under- 
ground work the insulation of conductors has been 
reduced to a degree of certainty and mathematical 
accuracy, which is very surprising and wonderful con- 
sidering the nature of the substances employed and the 
complicated processes through which they have to go. 
The facility and accuracy with which a core can now 
be covered with gutta-percha or India-rubber, and the 
high degree of insulation which it is possible to obtain 
with these substances, not only in short lengths or 
haphazard pieces, but in mile after mile of core, is a 
most splendid instance of the improvements and per- 
fection which can be attained by careful and pains- 
taking manufacture on a large scale, with the constant 
aid and supervision of scientific knowledge. 

Now, although cables and insulated wires for tele- 
graphic purposes are usually tested at the manufactory 
with at least 100 volts, and are rejected by the examin- 
ing electrician if they will not bear this E.M.F. for 
several minntes without giving the least sign of break- 
ing dowy or weakness, which is instantly detected by a 
quadrant electrometer or reflecting galvanometer, yet 
this test is made when the cable has only lately been 
manufactured, has been handled only by experts, and 
has not been subjected to any of the strains which it 
invariably meets with in actual use. And further, 
although the specific insulation of these dielectries 
increases considerably for some months after manu- 
facture, yet it is extremely seldom that in actual use in 
telegraphy the conditions are met with, that a constant 
current of anything like 50 volts is applied to such 
insulated conductors for any great length of time. 
Lastly, the conditions under which the current is used 
in telegraphy are almost diametrically opposite to those 
under which it is used in electric lighting. 

In telegraphy currents of a few milliampéres are 
intermittently passed through high resistance circuits, 
often of some thousand ohms, while the internal re- 
sistance of the battery or other source for generating 
the current is such that this, combined with the resist- 
ance of the instrument at either end, prevents anything 
but a very small current flowing, even should the line 
itself make dead earth anywhere. On the other hand, 
with electric light currents, the circumstances are en- 
tirely different; here the current is of practically 
unlimited quantity, its tension is comparatively high, 
and is constantly maintained. The internal resistance 
of the generator is exceedingly low, so that should 
there be any tendency to a short circuit or earth, 
heating effects are likely to arise with a train of con- 
sequences unknown in telegraphy. 

In telegraphy, working on a circuit of 1,000 ohms 
resistance, an insulation resistance of 10,000 ohms 
means something like a ten per cent. loss of current, a 
serious item ; but in electric lighting where the cur- 
rents are very large, and the resistance of the con- 
ductors very low, the loss of an ampére or two is of 
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next to no consequence. Now, if we put 100 volts on 
a circuit, the insulation resistance of which is but 100 
ohms, we shall only lose an ampére, which is an amount 
that is fairly allowable. Suppose a house was wired 
for 100 lights, and the insulation of the conductors was 
only 100 ohms, this would be amply sufficient for all 
practical purposes, although some of the representatives 
of the fire insurance companies might stand rather 
aghast at the idea of such athing. But such a low in- 
sulation resistance would be safe and practicable under 
one condition only, namely, that this low insulation 
resistance were due to a general low insulation of the 
conductor, and not to excessive weakness at any small 
and specific points. To make my meaning clearer, 
there is all the difference in the world actually and 
physically between a mile of cable which measured in 
water gives a uniform insulation resistance of 100 ohms 
per mile throughout its length, and another mile of 
cable which, when measured under similar circum- 
stances, would have an insulation resistance of several 
megohms, but which, by two or three faults or injuries, 
is reduced to 100 ohms. 

If 100 volts were applied to two such cables, what 
would be the results? At the commencementthe leakage 
would be the same for both cables; but with the 
first cable, owing to the leakage taking place over a 
large area, the temperature would not rise perceptibly, 
and no particular change would occur at any rate for a 
long time. With the faulty cable the similar amount 
of leakage would all be taking place at two or three 
faulty points, the quantity of current passing through 
such a small area as the faults would have, would tend 
to generate heat and ultimately lead to the breaking 
down of the fault, or in other words, to the lowering 
of its resistance to such a point that a large amount of 
current could pass. 

It is obvious that in this second case the complete 
breakdown of the insulation could only occur when either 
by its being immersed in water, or by some other 
means, the outside of the cable made comparatively 
dead earth. 

Putting aside intermittent interruption of the circuit or 
high resistances due to defective joints or loose screws, 
which are wholly and solely the result of bad or 
thoughtless workmanship, and for which the remedy 
is simply care and good workmanship, the two acci- 
dents to which a system of conductors used for internal 
work is liable are short circuits or earth : earth being 
really a more extended and complicated form of short 
circuit. It is only from one of these two things 
happening that any danger is likely to arise. Now 
short circuits can only occur from two mains coming 
in contact, or from their both coming in contact with 
some metal which is continuous between them. 

Excepting the wires in fittings, the only places where 
there is any likelihood of conductors coming in contact 
with each other, except by the grossest carelessness, is 
when a branch is taken from the mains and one of the 
branch wires has to pass under or over the opposite 
main. But even here the means of keeping the mains 
apart are so simple that such a short circuit should 
never occur in practice. 

Short circuits, owing to both mains being in contact 
with somé metal, e.g., water or gas pipes or iron joists, 
are equally easily guarded against. When conductors 
have to pass over such, it is always easy to lay a piece 
of insulating material between. The only case which 
it is necessary to be specially careful about arises when 
holding-down screws for switches, cut-outs or fittings 
pass through metal work conveying the current. The 
Screw points may then touch pipes or girders behind 
plaster or woodwork which are covered, and the posi- 
tion of which is unknown. The remedy here, too, is 
obvious. Do not use switches or other fittings in which 
the holding-down screws pass through or touch any 
metal parts carrying the current. 

Having thus briefly glanced at the conditions which 
may lead to short circuit of the conductors, we will 
turn to the second and more important element of in- 
security, namely, the possibility of the conductors 
making earth. I have called it more important than 


simple short circuits, because it is less easily guarded 
against. It is, perhaps, just worth noticing that, of 
course, for any accident to occur, earth must be made 
in two places. Ifa circuit makes earth in one place 
only everything goes on as usual, except that there is 
a greater liability of any other weak place breaking 
down, which there may happen to be on the other 
main. Fora general weakness of one main in several 
places will not usually be productive of any harm, since 
the difference of potential between the various points 
will be very small. 

Now conductors can only make earth by coming in 
contact with the materials of which houses themselves 
are constructed. A reference to the tables which have 
been drawn up of the relative insulative powers and 
conductivities of the various substances used in 
the construction of houses, such as brick, mortar, 
cement, paint, wood, &c., will show tbat they 
are all fairly good insulators, with the exception 
of certain classes of paint. Wood especially is an ex- 
cellent insulator, but the insulating qualities of all 
these materials are greatly altered and lowered by the 
presence of moisture. Bare conductors laid an inch or 
two apart on dry brickwork, or cement, or ordinary 
paint, or un wood, would answer perfectly all purposes, 
and be quite safe, but it is the presence of moisture 
which lowers their insulating qualities ; it is the pre- 
sence of moisture that chiefly concerns the electrical 
engineer and which he has to guard against. It would 
not be advisable to pass 100 volt currents through bare 
conductors laid in wet brickwork or in newly finished 
plaster, but it may be confidently affirmed that it would 
be quite safe to do so in brickwork or plaster some 
months old, and which was not exposed to the weather. 
An ordinary house wired with bare conductors stapled 
along walls, ceilings, and under floors, and kept not 
less than an inch apart, would be perfectly safe, as safe, 
to say the least, as a house fitted with gas, provided the 
work were well and carefully done. It is not, how- 
ever, desirable to wire houses with bare conductors 
because of the chance of their being inadvertently short 
circuited, and of the extra care in carrying out the 
work which would be entailed when they crossed iron- 
work, gas or water pipes. But on the other hand, 
while it is undesirable for several reasons to use bare 
conductors for wiring houses, it is equally undesirable 
on the score of expense, and unnecessary from a 
practical point of view, that the conductor should 
be insulated up to a very high standard. The mecha- 
nical qualities of the insulating material used are of 
much greater importance than its electrical qualities as 
a dielectric, since almost any substance which can be 
employed will give us sufficient insulation electrically. 
The qualities which the electrical engineer needs in 
the material he employs to cover conductors for internal 
work are toughness, pliability, and enduring power. 
The material should also be incapable of absorbing 
and holding a large quantity of moisture should water 
accidentally be poured over it. Now, of all the sub- 
tances which have been used for covering conductors 
nothing fulfils these conditions so well as a double or 
treble covering of stout closely woven braid thoroughly 
saturated with a good class of what is termed “ Com- 
pound,” Ozokerit compound for preference. I main- 
tain that for all internal purposes, except for use in 
damp cellars and such places, a wire of the above 
character is sufficiently safe to carry 100 volts, and is 
by far the best that can be used. A first class wire of 
this character can be had for a good deal less than one 
covered with an unsatisfactory covering of India-rubber 
which for such purposes as internal work, especially if 
the wires are run in wood casing serves no useful purpose. 

I have spoken thus fally on this point because I feel 
that part of the money which is now being put into 
highly insulated conductors for internal work, chiefly 
at the instance of the fire insurance companies, might 
be saved, while the remainder of the money would, in 
the majority of instances, be far more advantageously 
laid out in procuring better and more carefully and 
strongly made switches, flexible cords, cut-outs, and 
fittings. The faultsthat occur in properly wired houses 
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are few and far between. Out of those that do occur 
99 out of every 100 are due to switches, cut-outs, flexible 
cords and fittings, and therefore it is in simplifying and 
perfecting these that the case should be taken, and it is 
to these points that the attention of inspecting engi- 
neers should be mainly directed. 


THE LIGHTNING ROD QUESTION. 


Masor Huar, writing to the Electrical Review of New York, says: 
The subject of protection from lightning has of late been con- 
siderably discussed, and I have read with interest several articles 
on lightning rods in the Electrical Review, and other papers. 

There are three qualities which a good lightning rod should 

sess—ease of discharge, first-rate conductivity throughout its 
entire length and excellent und connection. This last, pro- 
bably the most important of all, is the most frequently neglected. 

An excellent lightning conductor can be erected as follows :— 

Take a copper rod half-an-inch in diameter and three feet long, 
in one end make two saw cuts in the direction of its length six 
inches long and at right angles to each other: bend out the four 
pieces thus formed about thirty degrees, file their ends to sharp 
points, and plate them with nickel. 

Fasten this rod securely with copper staples to the highest part 
of the building so that it will project about two feet ; to the lower 
end rivet and solder a copper ribbon one-eighth of an inch thick 
and one-and-a-half inches wide ; lead this ribbon in the most con- 
venient way on the outside of the building to the ground, fasten- 
ing it to the building with copper nails. The ribbon will have to 
be made of necessity of a number of pieces which should be 
securely riveted and soldered together. 

Select some convenient spot near the building where the earth 
is always damp, and, if possible, where the waste water from the 
roof or elsewhere would naturally run; here dig a pit about 3 feet 
square, and to moist earth, not less through than 3 feet deep ; put 
in the bottom a well-rammed layer, 1 foot thick, of gas coke; in 
one corner of the pit, resting on the coke and partially imbedded 
in it, set a piece of 6 inch gas pipe long enough for the upper end 
to project above the surface of the ground, fill it also with well 
rammed coke to within 6 inches of the top. 

Then wrap a piece of coke with a strip of copper ribbon, dip the 
coke and ribbon in melted lead so that there will be a good con- 
nection between them, and insert them into the gas pipe, leaving 
the end of the ribbon projecting, and fill up with coke. 

To this projecting end rivet and solder the ribbon leading from 
the building and fill up the pit with earth. 

All the rivets must be of copper, and no insulators must be 


used. 

This lightning conductor will protect a conical space whose base 
is — to the height of the upper point of the conductor from the 
ground. 

The copper ribbon, being easily bent, can readily be adapted to 
the irregularities of the building and has less self-induction than 
around rod. The coke ground connection is better than a metal 
age it has great surface, depolarises itself, does not corrode, and 
is cheap. 


EXAMINATION QUESTIONS. 


1. What characteristics should be possessed by a good arc lamp ? 
Describe a lamp which fulfils the conditions specified. What 
difference in construction, if any, should be made between lamps 
to be burnt in parallel and lamps to be burnt in series ? 

2. How would you arrange a circuit to burn at the same time 
arc and incandescence lamps ? 

3. Arrange a switchboard for an installation in which the follow- 
ing conditions are fulfilled: (a) Dynamo to be connected up as 
compound or shunt. (+) Dynamo to charge accumulators or work 
lamps direct. (c) Lamps to be worked from accumulators and 
dynamo in combination, or independently. 

4. You have a shunt dynamo which gives 200 ampéres at 105 
volts difference of potential. You are required to determine 
experimentally the compound winding for a machine of same out- 
put and carcase dimensions, but are allowed an increase in speed 
of 5 per cent., if required. Explain fully how you would make 
the determination. 

5. The electrical energy generated by a given size of dynamo is 
assumed as proportional to its speed. You have a shunt machine 
which at a certain speed gives a total current of 2 ampéres at y 


volts. If the speed is reduced to half, by suitable winding, “7 watts 
may be obtained. Say what difference you would make in the 
winding—(a) to obtain 3 ampéres by y volts at half-speed, (b) to 


obtain x ampéres by 4 volts at half-speed. 

6. Describe briefly the mechanical strains to which a dynamo 
in running is subjected, and calculate same in any case you are 
free to sup’ 

7. Would you suggest any difference in the dimensions of the 
iron part, or carcase of a dynamo for incandescence lighting from 
one intended for arc lighting, and why? Explain fully the 
reasons which govern your decision. 


8. The linear dimensions of a dynamo are increased n times. 


1 
How is the output increased if revolutions pth of their former 


number per minute? By what conditions is the output of 
machines governed ? 

9. If the dimensions of a shunt dynamo are increased n times 
what will be the winding of armature and magnets respectively— 
(a) if difference of potential remains as before, (b) if current 
remains as before ? 

10. Why is the field of a dynamo diminished in strength by the 
current flowing round the armature? How would you allow for 
this in designing a machine ? 

1l. Draw the external characteristics of—(a) a separately 
excited, (b) shunt, and (c) series dynamo; explain fully the 
peculiarities exhibited by the curves. 

12. Discuss the merits of Gramme wound and Siemens wound 
armatures. What considerations should guide you in choosing 
between them ? 

13. What considerations should guide you in choosing between 
the double and single horseshoe types of magnet? Discuss the 
merits of the two types, and compare wrought and cast iron as a 
material. 

14. What is self-induction? How does it affect the working 
of—(a) continuous current dynamos, (b) alternating current 
dynamos ? 

15. Discuss the relative advantages and disadvantages of the 
various methods proposed or in use for the distribution of elec- 
tricity over long distances. 

16. You are required to furnish power to a motor situated at 
some distance from the generating dynamo, and it is important 
that the motor run at a constant speed under a varying load, the 
dynamo speed being constant. How would you wind dynamo and 
motor ? and give reasons for your answer. 


ELECTRIC LIGHT IN A DUNDEE CARPET 
FACTORY. 


In our issue of January 20th we briefly alluded to the 
fitting up of the new Lawside t factory of Messrs. 
James Paterson & Co., of Dundee, with the electric light. 
This important installation was inaugurated on Saturday 
last, when the factory was formally opened. For some 
years the jute industry has been in a very depressed state, and 
the Dundee manufacturers have naturally been unwilling to 
incur the capital outlay which an introduction of the electric 
light on a large scale would necessitate. Small installations have 
been made in cases where, owing to the works being run at night, 
there is a distinct economy in the use of electricity as compared 
with gas, but Messrs. Paterson deserve credit for having taken 
the local initiative in adopting electricity as the general illumi- 
nant of a large factory. The factory is entirely new and is in 
many ways interesting as a new departure. Modern ideas in 
factory construction have systematised the weaving of the jute in 
Dundee as much as they have systematised the curing of pork in 
Chicago. The raw material, like the live pig, goes in at one end 
and flows steadily through till it comes out a finished product at 
the other. The whole building, with the exception of store 
rooms and offices, is on one floor, covering an immense area, and 
lighted entirely from the roof. All the shafting is in brick built 
tunnels underground; a belt comes up from below to drive a 
machine wherever it may be wanted; and overhead there is 
nothing to interrupt the view except a forest of electric pendants 
hanging over every loom. Messrs. Paterson have left no stone 
unturned in their efforts to make their factory in every respect a 
model one. ‘he whole building, comprising stores, preparing 
department, weaving shed, finishing department, offices and out- 
buildings, is lighted entirely by electricity. The only provision 
of gas is in the offices, where it is introduced as an alternative to 
the electric light, so that office work may be continued when the 
engine is not running, and a few large Bower gas lamps in the work- 
rooms to prevent disorder and to allow the people to disperse when 
the engine stops. These are kept burning low and can be turned 
up at a moment’s notice. After careful consideration, this means 
of providing a supplementary light was adopted in preference to 
the much more costly one of employing accumulators. 

The dynamo is of the “ Manchester” type, by Messrs. Mather 
and Platt, with a capacity of 550 lights. It is driven from the 
main engine—a vertical tandem compound Carlin, by Messrs. 
Douglas and Grant, which many of our readers will remember as 
a conspicuous feature in the machinery section of the Edinburgh 
Exhibition. The dynamo room is close to the engine room, near 
the centre of the building, and from a main switch board in it five 
main circuits radiate, the largest of which consists of a pair of 
19/11 wires and carries 288 16-candle lamps. This circuit sup- 
plies the weaving shed, a single room 260 feet long and 132 feet 
wide. Another circuit supplies the finishing department, a room 
150 feet long and 90 feet wide ; another the engine room ; another 
the offices, and the fifth leads to a detached building where hand- 
loom weaving is done, the main wires in it being carried across the 
street underground in an iron pipe run with tar. The most 
distant lamps are fully 350 feet from the dynamo. 

The lamps are hung over the machines by flexible pendants 
with the usual India rubber and braided silk insulation ; they are 
held in bayonet-jointed vitrite holders, and each is covered by a 
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conical reflector of white enamelled sheet iron. The narfowest 
looms have one lamp hung over each, at a height of 42 inches 
above the cloth; the wider looms have two, and in some extreme 
cases three, lamps. All the main and branch conductors are 
strongly insulated with rubber, and are fixed in wooden casings. 
From the mains, which go down the centre of the factory at the 
level of the tie beams of the roof, branches are led off sideways 
over each row of looms, and these are carried from beam to beam 
of the roof by using a specially deep wooden casing, which is not 
only stiff enough to span the open spaces of the roof without 
sagging, but will carry the weight of a man, and will allow a 
ladder to be set against it. Fusible cut-outs (the mains of Mr. 
Hedges and the minor ones of Mr. Cockburn’s type) are fixed at 
the main switch board and at the junction of each branch with 
the main, and in a few of the pendants where a rising and falling 
arrangement is adopted. This is done at some of the winding 
machines, and it is general in the offices, where, however, in 
addition to pendants, ornamental brackets are used, distinct from, 
but chosen so as to harmonise with, the gas fittings. The offices 
are lighted by a circuit of 52 lamps, which is brought to a local 
eight-way switch board in one of the lobbies, so that each room 
is under separate control. In addition to this and the five-way 
main switch in the dynamo room, there are a few local switches 
distributed throughout the building in stores and other places 
where the light is wanted only from time to time. The dynamo 
is compound wound for a constant potential of 100 volts and runs 
at 900 revolutions per minute. The section of all the conductors 
is proportioned to give at least one square inch per 1,500 16-C.P. 
lamps, which is a somewhat more liberal allowance than the 
common rule of one square inch per 1,000 ampéres. In all there 
are over 420 16-C.P. lamps, in addition to a few of 8, 32, and 50 
candles. When the light was turned on on Saturday evening in 
the presence of some 800 of the work people and visitors the 
livehest satisfaction was expressed at the brilliant effect. The 
contract for the electric lighting has been ably carried out by a 
local firm of electricians, Messrs. Lowdon Brothers, to the specifi- 
cation of Prof. Ewing, F.R.S., who has acted as consulting engi- 
neer for Messrs. Paterson throughout the work. 


LIGHTING OF NORTH SHIELDS MARKETS. 


Tue electric lighting of the North Shields markets has now been 


completed by the Giilcher Electric Light and Power Company, 
Limited, and in working order for over a month. ‘The installation 
has been carried out in a very complete manner, and is giving 
entire satisfaction to the Corporation. The plant consists of a 20 
H.P. nominal Marshall’s compound undertype engine, complete 
in every respect. The engine drives by an endless band on to a 12 
unit Giilcher compound-wound dynamo machine, giving a current 
of 185 ampéres at an E.M.F. of 65 volts, the speed being 1,000 revo- 
lutions per minute. The machine is mounted on a cast-iron sliding 
bed-plate with tightening screws, and works without any sign of 
sparking. The current from the dynamo is taken to a handsome 
main switch and cut-out board, consisting of a slate slab carrrying 
14 sub-circuit switches with cut-out to each. Above the switch- 
board a rheostat frame is placed, carrying 16 resistance coils with 
adjustable sliding contacts. 
r - and ammeter is provided for measuring the current and 
_After the current leaves the switch-board it passes by single 
cireuits of 7/18 cable to the 15 2,000-C.P. arc lamps, arranged 
in two lines along the markets, and is carried back by one main 
negative to the switch-board. All the cables are run in continuous 
casing, grooved out to carry the are light circuits, and also an in- 
candescent circuit for lamps on each side of the market. ‘The arc 
lamps are of the usual Giilcher globe type, with telescopes for 
lowering the globes for recarboning, each lamp being fitted with a 
raising and lowering gear. . 

The stalls in the markets are lighted by incandescent lamps 
suspended by flexible pendants from the ceiling. The engine-room 
and other offices are also lighted by the same means. 

This installation affords another example of the convenience of 
the parallel system of arc lighting for places where the lamps are 
within a reasonable distance of the dynamo, and a combination 
of arc and incandescent lamps are required. 


LEGAL. 


Jacker the International Cable Company.—(Before 
Mr. Justice Hawkins.)—This was an action by one of several 
gentlemen who had advanced various sums, making up £10,000, 
required to be paid in order to obtain a concession by the Portu- 
guese Government for leave to lay down telegraph cables at the 
Azore Islands for the purposes of a then intended company, to 
recover from the company—afterwards formed—the sum so 
advanced by the plaintiff—that is, £250. The case had been 
tried without a jury before the learned J udge, and it appeared 
that on December 24th, 1886, when it was contemplated that the 
company should be formed for the purpose of working such a 
concession, when obtained, and it being necesary that a sum of 


£10,000 should be available, by way of a deposit or payment, to 
obtain the concession from the Portuguese Government, several 
gentlemen, including the plaintiff, agreed in writing to subscribe 
that amount in various sums set down on paper opposite each of 
their names, “the money to be repaid within a week after the 
allotment of shares in the (International) company ; and in the 
meantime the concession to be a security to them for repayment 
of the sums so advanced,” the plaintiff’s name being down for 
£250, and he advancing that amount. On the same day the 
company was registered and incorporated; and on December 
28th, four days afterwards, there was this resolution, pur- 
porting to be a resolution of the directors—* That in con- 
sideration of the loan of £10,000 made to the company by 
the undermentioned gentlemen for the purpose of securing 
a concession from the Portuguese Government of a right 
to land cables at the Azores—granted to the agent of the 
company—the concession be deposited with (a certain firm 
named) as security for repayment.” The concession, how- 
ever—i.c., the formal document—had not actually been obtained 
from the Portuguese Government, and so was not deposited. ‘The 
company, however, was formed, shares were taken up, and some 
of the subscribers of the £10,000 had been repaid the sums they 
had advanced—the company being in actual operation. The 
plaintiff, however, had not been paid, and brought this action 
against the company to recover his proportion, the sum of £250. 
The company denied their legal liability, the memorandum of 
loan having been before they were incorporated, while the plaintiff 
rested his case on the subsequent adoption of the loan by the 
resolution. The case having been heard on Saturday, the learned 
Judge had taken time to consider his judgment, which was now 
delivered in favour of the company. The learned Judge in giving 
his judgment, observed that the original memorandum of loan 
was before the incorporation of the company and did not, he 
thought, much advance the plaintiff’s case. Then as to the 
resolution after the incorporation, he did not think that it 
amounted to a contract on the part of the company, even if there 
were no objections to it in point of regularity. On the whole, he 
came to the conclusion that there was no contract of loan to the 
company, and that the company were entitled to succeed on the 
issue denying such a loan. He had no doubt it was intended 
that the plaintiff should be repaid as others of the subscribers 
had been; but on the legal issue he must find for the company 
that there had been no loan to the company. Judgment for the 
company. 

Telephone Company of Ireland v, M’Cann & 
This was an action in the Dublin Recorder’s Court in which the 
telephone company sued the defendants for £1 8s. 3d. as balance 
of telephone rent. On behalf of the defendants evidence was 
given to show that as far back as July, 1886, complaints were 
made of the instrument in their establishment being out of order. 
Applications were repeatedly made to the telephone company to 
have the instrument put in order or renewed, but owing to the 
fact that they were constructing new lines in the neighbourhood 
the plaintiffs had done neither. The plaintiffs relied on an agree- 
ment entered into with the defendants to the effect that they were 
not entitled to have any deduction for the period the instrument 
was out of order. The Recorder dismissed the action, holding that 
the company were bound to keep the instrument in reasonable 
working order, or in default they could not maintain an action 
for rent while the instrnment was out of repair. 


Taylor v. Lineff.—(Before Mr. Roxburgh, Assistant- 
Judge, and a Common Jury.)—The plaintiff, Mr. W. T. Taylor, 
trading as Fisher & Co., electric engineers, of 35, Waterloo Road, 
Southwark, sued the defendants, Messrs. Lineff and Jones, who 
are consulting engineers and patentees, carrying on business at 
12, Buckingham Street, Adelphi, for £13 14s. 8d., for work done 
in setting up some electric appliances on board a yacht. There 
was a counter-claim, in which defendant claimed the return of 
£13 paid on account, and an amount of £9 Is. 9d. and £25 
damages. His Lordship threw out the suggestion that as this was 
a case which would involve a long inquiry as to technical details 
in mechanical engineering appliances, it would be a saving of time 
and much more satisfactory if it was referred to Mr. Jackson, the 
learned Registrar of the Court, with power to call in the aid of a 
specialist. After some deliberation this course was agreed to by 
counsel, and a verdict was taken for the plaintiff for the amount 
claimed, and in the counter-claim a nominal verdict was entered 
for £25, subject to the reference agreed upon. 


REVIEW. 


L’Année Electrique, ou exposé Annuel des Travaux 
Scientifique des Invention et des Principales Applica- 
tions de [’'Electricité a UIndustrie et aux Arts. By 
Pu. DELAHAYE, Ancien éleve de |’Ecole Polytech- 
nique. Fourth year. Paris: Libraire Polytechnique, 
Baudry et Cie, Editeurs ; Rue des Saints-Péres. 


Although no startling electrical inventions have 
marked the past year, yet much steady progress has been 
made, chiefly in the lighting of theatres and large build- 
ings, and in the employment of electricity in metallurgi- 
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cal operations ; a large number of interesting researches 
have also been made as regards accumulators. Such 
progress as has been nfade may well be gathered from 
M. Delahaye’s work, as considerable pains have evi- 
dently been taken to make the information given 
as complete as possible, though, from the amount of 
ground to be gone over, much has no doubt been un- 
avoidably omitted. The first subject dealt with is that 
of the electric light, a considerable amount of infor- 
mation being given relative to the question of the cost 
of the same. In chapter II. we have descriptions of a 
great number of new kinds of primary batteries ; in 
this direction, although many so-called new forms are 
brought out, very few if any come into practical use. 
M. Delahaye, we notice, is rather behindhand in his 
compilations, as many of the batteries which he 
mentions are certainly much more than a year old. 
The descriptions of accumulators also, although in some 
cases old, are interesting, and form a concise con- 
densation. Of telegraphy, which is at the present time 
somewhat in the shade, there is really but little to say ; 
but the author has nevertheless, we think, not made the 
most possible of the subject. Telephony is dealt with 
rather more satisfactorily on the whole. Atmospheric 
electricity does not call for much comment, but a good 
deal is made of it, as this subject has always been a fasci- 
nating one to French scientists. Following the chapter 
last referred to, we have “ Medical electricity,” a sub- 
ject which is still on an unsatisfactory basis, though it 
is getting to be better understood. We next have 
“ Electro-metallurgy,” an industry which is daily be- 
coming of more importance. The “Applications of 
electricity to railways” include electric brakes, the 
lighting of trains, train signalling, &c. The “Trans- 
mission of force” receives considerable notice, though 
much of the information is old. Finally we have 
“ Measuring apparatus,” under which is included such 
subjects as “The influence of temperature on magne- 
tisation,” “ An electric tourniquet,” &c. A list of recent 
publications and obituary notices complete the volume, 
which, although hardly a complete one of its kind, is 
nevertheless of considerable interest. 


NOTES. 


The Electric Light at Bath.—An effort is still 
being made with the view of introducing the electric 
light into the city of Bath, and a hope is widely 
expressed that something practical may be accom- 
plished before the visit of the British Association in 
September next. Bath might well follow the example 


of the less important town of Taunton which, as Mr.. 


Percy Allsopp, M.P., recently remarked at a public 
dinner, has become famous not only in Somerset but 
throughout England. 


Exeter and the Electric Light,—A_ little contretemps 
occurred an evening or two since in connection with the 
experimental electric lighting now in progress at Exeter. 
Either the circuit was interrupted or the current was 
inadequate, for the brilliancy of the light became 
dimmed, then it flickered, and finally went ont alto- 
gether. As the gas lamps had not been lighted the 
streets were for a time plunged into total darkness. 


Installation at Paper Mills.—Messrs. Hanson and 
Charles, of Halifax, have recently completed an instal- 
lation at the Firth House Paper Mills, Staniland, near 
Halifax, belonging to Messrs. John Shaw & Co. One 
Luther dynamo (3 unit) of 65 volts has been fixed 
to run the 42 16-c.p. lamps placed in the works and 
offices. In addition 1 arc lamp (10 amperes) has been 
arranged to run in parallel, and is utilised for match- 
ing the shades of colour of the paper. The dynamo is 
driven at 1,200 revs. per minute direct from the fly- 
wheel of one of the ordinary working engines. Until 
— these works were lighted with paraffin oil 
amps. 


The Electric Light in the Navy.—Her Majesty’s 
ships Britannia and Hindostan, training vessels for 
cadets at Dartmouth, are being fitted with the electric 
light at an estimated cost of £3,000, the work being 
carried out by Mr. R. A. Scott, of London, and Messrs. 
Hornsby and Sons, of Grantham. The installation will 
comprise 450 16-C.P. Edison-Swan glow lamps, there 
being 32 lamps in the cadets’ mess room, and 100 in the 
studying rooms. The fittings are of gun metal, the 
wiring is divided into six main circuits, three to each 
vessel ; and all the main cables and branch wires are 
of the lead-covered type, manufactured specially for 
this installation. Each light can be turned on or off 
through the instrumentality of an independent switch. 
A dynamo is to be used of Siemens’s H.B. type, designed 
to give an output of 32,000 volts at a terminal pressure 
of 80 volts, and it will be coupled direct with one of 
Willan’s patent G size central valve engines, run at a 
speed of 400 revolutions per minute. The boiler, which 
is of the locomotive type 30 H.P., is entirely of steel, 
with wrought iron ashpan and supports, and is con- 
structed to work at a pressure of 120 lbs. This will be 
fixed on the upper deck of the Hindostan, where a 
special house is being erected for the accommodation of 
the electrical machinery. There will be one of Scott's 
patent switchboards of the Admiralty pattern in the 
dynamo room, so that the whole of the circuits can 
be easily controlled by the attendant. The work is 
being conducted under the superintendence of Mr. C. 
N. Russell, electrician to Mr. Scott. 


Country Installations,—We learn that Baron Schroe- 
der has entrusted Messrs. Drake and Gorham with the 
lighting of his country residence near Windsor. 
Double engine and dynamo plants will be used in 
conjunction with a large battery made to the firm’s 
most recent specification. 


Electric Meteorology.—At the monthly meeting of 
the Royal Meteorological Society on Wednesday, the 
Hon. Ralph Abercromby, F.R.Met. Soc., read a paper 
on “ Electrical and Meteorological Observations on the 
Peak of Teneriffe.” 


Electric Lighting in the City—At a special meet- 
ing of the Commissioners of Sewers on Tuesday the 
Streets Committee submitted an amended arrangement 
with the Anglo-American Brush Electric Light Cor- 
poration for lighting a district of the City by means of 
electricity. Mr. J. C. Bell asked what the Commission 
intended to do with this report ? He was prepared to 
go on with it, or if the court preferred to have it placed 
as the first business on the agenda paper for the next 
court. They had had the report before them for some 
months, and on every occasion members said, “ Adjourn 
the court.” There would be great difficulty in delay. 
Mr. Shaw did not think it desirable to enter upon the 
discussion with such a scanty attendance. It was im- 
portant that they should come with minds prepared to 
examine it on every side. The Remembrancer (Mr. 
G. P. Gouldney) said it was convenient to state that the 
South Metropolitan Electric Lighting provisional order 
had now been sometime before the Board of Trade, and 
the objections were sent in on February Ist. He was 
expecting the Board of Trade would give their decision 
in afew days. One of the principal reasons they urged 
in their objections against the area proposed by the 
South Metropolitan Company was that they were in- 
cluding in that area a portion of the area with regard 
to which the Commissioners of Sewers were nego- 
tiating with the Brush Corporation. In these objec- 
tions it was stated that the matter would come before 
the court at its next fortnightly meeting. That meet- 
ing had gone over, and the time was running on, and 
he was only anxious that it should not be allowed to 
run on too much, or they might be compromised. He 
did not want to be sent for to the Board of Trade and 
say, “ We have done nothing,” unless it could be taken 
as the primary matter of business at the next court. On 
the motion of Mr. J. C. Bell, it was agreed that it should 
be taken as the first business next Tuesday. 
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The Electric Light in Faversham.—The offices, 
stables, and carpenter’s shop of Messrs. W. E. and 
J. Rigden, brewers, were last week lighted for the first 
time by the electric light. Mr. Rigden has also 
adopted the light in his own private residence. The 
system is the Thomson-Houston, and the work has 
been carried out by Messrs. Laing, Wharton, and Down. 


Theatre Electric Lighting.—The Royalty Theatre in 
Glasgow was on Monday night lighted with electricity. 
The installation, which has been carried out by the 
Anglo-American Brush Light Company, under the 
supervision of Sir Wm. Thomson, promises to be 
thoroughly successful. The Royalty is said to be the 
second theatre out of London in which electricity has 
been employed for lighting purposes, the other one 
being the Lyceum in Edinburgh. 

On the $rd of March next a contract will be made 
by public tender for supplying the Theatre Royal in 
Madrid with the electric light. All tenders and plans 
must be sent to the offices of the Minister of Finance 
in Madrid. 


Ship Lighting —The trial of the installation on the 
ss. Ocean took place on Thursday last. It consists of 
50 lamps of 20 C.P. The ship is specially built for 
carrying petroleum, so the electric light is used in all 
parts, including the binnacle. There are two portable 
hold lamps fitted in air-tight lanterns for use in clean- 
ing and examining the oil tanks. The Clyde dynamo 
is employed, and is driven by a Tangye engine. The 
plant was supplied and fitted up by Messrs. J. H. 
Carruthers and Company, of Glasgow, under the super- 
intendence of Mr. James Campbell. The inspecting 
engineer expressed himself highly pleased with the 
installation, and commended the dynamo for its com- 
pactness. 

On the 31st January the Chia Shih was launched 
from the yard of Messrs. R. and W. Hawthorn, Leslie 
and Co., Newcastle-on-Tyne. The vessel is the first 
of two steel twin steamers for the Royal mail and 
passenger service of the Chinese Government. The 
vessel throughout will be lighted by the electric light, 
including masthead, side lights, cargo lamps, &c., 
which is being supplied by the Woodside Electric 
Light Company of Glasgow. 


Electric Lighting Act,—Lord Thurlow was early in 
the field in the crusade against the Electric Lighting 
Act of 1882. Immediately upon the close of the debate 
on the Address in the House of Lords, on Thursday, he 
presented his Bill for the amendment of the obnoxious 
Act, and it was read a first time. The Bill is the same 
as that introduced by him last year. 


Electric Lighting in the Temple.—The Electrical 
Committee of the Inner Temple is canvassing the 
tenants of that Inn with the view of ascertaining how 
many of them wish to have their chambers supplied 
with the electric light. It is calculated by the com- 
mittee that if the demand be sufficient the expense 
would not exceed that of gas. 


Taunton and the Electric Light.—Several members 
of the Weston Local Board and others resolved to put 
the statements of Mr. Alderman Bruford with regard 
to the Taunton electric lighting to the test, and pri- 
vately visited Taunton several times, with the result 
that they are unanimously of opinion that there is no 
justification for the statements, the light upon each 
occasion being in every respect equal to what it was 
= the deputation visited Taunton in November 
ast. 


A New Microphone Transmitter—Messrs. Siemens 
and Halske have just patented a new microphone 
transmitter, in which the loose contacts consist of 
hollow carbon cones placed within each other. The 
object of this arrangement is to facilitate a change of 
the surfaces in contact, and prevent deterioration under 
the influence of the current, . 


The Telegraph in Belgium.—We read in Industries 
that the first telegraph line in Belgium was constructed 
in 1846. In 1850 this line was taken over by the 
Government, and in the same year a law was passed 
making all telegraphs a State monopoly. In 1851, the 
Belgian lines were connected with those of the Austro- 
German Telegraph Union, and in 1853 telegraphic com- 
munication with England was established. 


The Cable between Ireland and Scotland.—During 
last week workmen on board the Government steamer 
Monarch were engaged in repairing oneof the two tele- 
graph cables which connect Ireland with Scotland, be- 
tween Whitehead and Portpatrick. The cable was 
broken some time ago, it is believed, by the anchors of 
the Norwegian schooner Spica, which drove from 
Groomsport to Blackhead during a gale three weeks or 
a month ago. After the cable had been repaired the 
vessel, which had eighty-five men on board, left for 
Portpatrick, when the other end of the cable was lifted 
and examined. During the progress of the work an 
anchor and chain were found attached to the cable, but 
it is unknown to what vessel they belonged. 


Antilles Cables,—It is reported that the ss. Roddam, 
after completing the Curacao-La Quayra section on 
January 6th, coaled at St. Thomas, whence she pro- 
ceeded to Santo Domingo and Santiago de Cuba. 

The Channel Cables.—The Central News learns that 
the directors of the Submarine Telegraph Company, 
having abandoned all hope of obtaining a renewal of 
their concession from France, have entered into nego- 
tiations with the English Government for the sale of 
their cables and plant. The Government have agreed 
to purchase at a valuation seven cables belonging to the 
company, viz., two between England and Belgium, four 
between England and France, and one between Jersey 
and France. The Government will buy, also at a 
valuation, the ship Lady Carmichael, the company’s 
buildings in London, Dover, Ramsgate, Beachy Head, 
and Jersey, with the leases, stores, instruments, and 
general plant. The Government have also accepted the 
principle of granting a gratuity to any of the employes 
of the company who, by reason of their age or other- 
wise, could not be taken into the service of the Post 
Office. It is further suggested that, instead of handing 
over the cables to the Government in January, 1889, 
when the concession expires, the company should con- 
tinue to work them until the end of the financial year, 
April Ist, 1889. The directors of the Submarine Com- 
pany, at the time of entering into the negotiations, 
made a strong protest against the decision of the 
Government, and it is understood that, recognising the 
justice of the complaint, the Government have accepted 
the principle of granting a bonus as compensation to 
the shareholders. This, however, is subject to the 
approval of Parliament. It has been practically 
decided that on the Post Office taking over the working 
of the submarine cables either in January or in April, 
1889, a uniform rate of twopence per word shall be 
charged to France, Belgium, Holland, and Germany. 

[Our readers will perceive that the remarks in our 
leading columns were written before these facts were 
made known. We are glad to learn that the Govern- 
ment is inclined to be more generous than was at one 
time anticipated.—Eps. ELEC. REV. ] 


Berly's Universal Electrical Directory.—The seventh 
annual edition of this publication shows signs of in- 
creased care in compilation, and its almost total free- 
dom from inaccuracy is highly creditable. The 
arrangement of the continental section has been 
improved and simplified, and there is a general ten- 
dency throughout the book towards solidity and com- 
pactness, as compared with former years. A large 
number of names have been expunged, but a still 
larger number are added from which the inference 
may safely be drawn that the industry is making steady 
if not rapid progress. 
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Ship Telegraphs.—We learn that Messrs. Donkin and 
Palmer, of the St. Andrew’s Iron Works, Newcastle, 
are fitting up electric bells and “telegraphs” on three 
passenger steamers lately constructed for the Hall line. 
We suppose the electric “telegraphs” refer to those used 
for communicating between the bridge and the wheel 
and engine-room. 


Aluminium Bronze,—The following are reported to 
be the results of tests on aluminium bronze made at 
the Westertown Arsenal (U.S.) :— 

Tensile strength Elongation 


Material. per square inch. per cent, 


Ordinary bronze... 24,500 Ibs.... 
Aluminium bronze “ A. 3.” cast in sand 53,000,, ... 62 
east in chilled moulds 67,000 ,, ... 13°0 


” ” 


Drake and Gorham’s Switches.—Messrs. Drake and 
Gorham’s ring contact switches are now in extensive 
use, their special form being found to conduce to per- 
manent efficiency. The ring form not only assures re- 
liable contact, but any oxide or burr is automatically 
removed by the action of switching on, all risk of hot 
contacts being thus prevented. The firm isnow manu- 
facturing a series of “ standard switchboards ” specially 
designed for accumulator installations, but in such 
variety as to combine all the requisite accessories. 


These switchboards, as shown in the illustration, are 
fitted throughout with ring contact switches and steel- 
yard measuring instruments, mounted on slate or 
polished and well-seasoned teak boards. The arrange- 
ment includes regulator switches for both charging 
and discharging accumulator circuits, also switches for 
lamp and dynamo circuits, provision being made for 
measuring the current in both circuits. The connec- 
tions are permanently made at the back of the board, 
so that it is only necessary to solder the cables from the 
dynamo, accumulators and lamps into their respective 
sockets. They can be fitted either with D & G.’s steel- 
yard ammeters or with any other instrument that may 
be preferred. 


Tell-tales for the Government.—Messrs. Cox-Walker 
and Co. have just been honoured by Her Majesty’s 
Government, through the Admiralty, with an order for 
one of their “silver medal” electric tell-tales for 20 
stations, including all necessary wires, and auxiliary 
apparatus, to be fixed in the Royal Naval Hospital at 
Yarmouth, 


Electrical Patents.—The American Electrical Engi- 
neer gives an exhaustive list of the patents taken out 
in the United States during 1887 for various applica- 
tions of electricity, and for inventions closely allied. 
The grand total amounts to 1,248 patents, of which the 
following subjects seem to have claimed the greatest 
attention :— 


Subject. No.of Patents, 
Primary batteries... wae 70 
Annunciators, indicators, alarms 62 
Fire and heat alarms, district telegraphs... 59 
Transmission of power, telpherage _... te 54 
Incandescent lamps ove 7 
Dynamos, magneto machines... 40 
Distribution of electricity 38 
Underground systems... 38 


Are lamps . 


Transformer Literature.—Some time ago we pub- 
lished an exhaustive report on the theoretical and ex- 
perimental researches made by Prof. Galileo Ferraris 
with Gaulard-Gibbs transformers. We are now 
abstracting another series of articles by the same 
gentleman from a recently issued reprint from the 
Proceedings of the Turin Academy. These papers, 
taken in conjunction with those of Messrs. Kapp and 
Mackenzie, will give electrical readers an intellectual 
surfeit which will be likely to require the element of 
time to properly digest. 


Still At It.—Visitor: What is that noise >—Lady : 
My husband is swearing.—Visitor: Why, is he not 
dead ?—Lady: Yes. Visitor: ? ¢ ? ? ?—Lady: Before 
he died he swore for two years into a phonograph, and 
I occasionally let it run. 


Glasgow International Exhibition.—1lt is said that 
as regards space the approaching exhibition will be the 
largest that has been held in the United Kingdom 
since 1862, and it is fully expected to be also the most 
successful. The total candle-power of the electric 
light will be 1,090,000, and the horse-power of the 
engines employed in its production 1,200. In the 
annexes and detached buildings will be illustrated the 
most economical and advantageous modes of using gas 
and mineral oils. Electrically propelled boats upon 
the river Kelvin are expected to prove a great attraction. 

The Anglo-American Brush Corporation is pushing 
forward with its are light installation at this ex- 
hibition, and very marked progress has been made. 
There are at present over 230 lamps hung in position, 
and of these 124 are already wired. The machinery 
department is practically complete, the terminal wires 
to the switchboard only having to be run. The Brush 
dynamos are all at hand, cleaned and ready for work. 
As regards the outdoor position the mast bases are in 
course of erection. The condition of the entire work 
is very forward, and the arc lighting will be ready for 
the opening of the exhibition. 


Schanschieff’s Battery—Her Royal Highness Prin- 
cess Christian being desirous of having the electric 
light for reading, and having decided upon the Schans- 
chieff portable battery, the directors of the Schanschieff 
Syndicate, Limited, requested her to accept from them 
the first lamp to be put into domestic use; and this 
being accepted, Mr. Schanschieff and Mr. De Lissa, 
two of the directors, waited by appointment on 
H. R. Highness on Wednesday evening at 6 p.m. The 
lamp, which was a very handsome one, in a rosewood 
case inlaid with ivory, made by Cooper & Holt, was 
much admired. Mr. Schanschieff having explained 
the invention, the Princess expressed herself as greatly 
pleased at the simplicity of the lamp’s action, and in 
particular with the ratchet arrangement, by which the 
light was regulated from 1 to 10 C.P., or totally ex- 
tinguished and relighted at will in a second. Mr. 
Schanschieff then exhibited one of the reversible 
automatic miner’s lamps, the outcome of his invention, 
on which Her Highness expressed much interest, 
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A Syndicate of Electricians—It is proposed to 
establish an electrical syndicate in Brussels, but the 
correspondent of Jndusiries thinks there will be some 
difficulty in arriving at a proper understanding as to 
the share each firm is to have of the business which 
comes in. One of the main objects for which the syn- 
dicate is heing formed is to light the town by elec- 
tricity, and in order to do this it is proposed to buy up 
the gas works. Failing this, which would cost some 
millions of franes, a central station would be estab- 
lished to supply the electric light to the principal 
establishments in the business part of the town. The 
syndicate also intends to acquire the most important 
electrical patents, 80 as to put down outside competi- 
tion. The project is very good on paper, but whether 
it can be realised is another matter. 


The Society of Telegraph-Engineers and Electricians. 
—On Thursday next, the 23rd inst., at the ordinary 
general meeting, a paper will be read “On the Present 
State of Fire Telegraphy,” by R. von Fischer Trenen- 
feld, member. 


The Elieson Locomotive, — The Elieson Electric 
Company, Limited, has sent out an engine to America 
to the Street Railroad Company, of Buffalo. This 
engine is one of those with which the company has 
demonstrated the practicability of electric haulage in 
London itself in public work on the lines of the North 
Metropolitan Tramways Company. It had already run 
about 10,000 miles in constant work, and needed only 
slight attention in overhauling of gearing, &c., prior to 
being despatched fit for similar heavy work in America. 
Mr. J. Robison, a pupil of Mr. Elieson, who has been 
connected with the engines from the outset, has gone 
out for the purpose of instructing the employes of the 
company in the management of the engine and 
superintending the working, as it is anticipated that 
the Buffalo Company, which is one of the most im- 
portant in America, will take the system up on a large 
scale for use on its lines. We hope this may be so, for 
Mr. Elieson’s energy and perseverance, coupled with 
the company’s courageous operations in the face of the 
many difficulties which beset electric traction in Eng- 
land, deserve substantial recognition, and in no country 
is this so likely to be obtained as in the States. It 
may be interesting to note that if the scheme for 
supplying Buffalo with electrical energy from Niagara 
is carried to success, these engines will form not the 
least interesting part of this tremendous project in 
combination with the transmission of power. 


Sad Death of a Telegraph Clerk.—The dead body 
of a man was found at the foot of a hedge on the banks 
of the Union Canal near Polmont last Friday, and was 
found to be that of William Beaumont, telegraph 
clerk at Polmont Junction. 


The Central Laboratory of Electricity, Paris,—On 
Friday evening last the inauguration of the Central 
Laboratory of Electricity took place. There was no 
ceremony, all the proceedings being confined to an 
individual exploration by the visitors of the various 
parts of the establishment. The laboratory possesses 
a steam engine by the Pantin Manufacturing Com- 
pany, and a gas engine. There are three dynamos: a 
200-ampére Gramme machine, presented by Messrs. 
Sautter, Lemonier & Co.; an Edison 75-ampére ma- 
chine, presented by the Edison Company, and an alter- 
nating current Gramme machine, presented by the 
Société l’Eclairage Electrique. These three machines 
are insufficient to supply all the lamps, but they will 
be probably supplemented by others. There are 
Jablochkoff, Cance, Edison, and Woodhouse and 
Rawson lamps. The measuring instruments come from 
the best French firms, Carpentier, Breguet, and 
Ducretet. A portion of the building was temporarily 
plunged in total darkness through the slipping of one 
of the belts, 


Obituary.—We regret to have to record the death 
(on February 13th) of Mr. Edward Tansley, Postal 
Telegraph Superintending Engineer of the western 
district of Scotland. Mr. Tansley entered the service 
of the Electric and International Telegraph Company 
in 1851, subsequently joining the British and Irish Mag- 
netic Telegraph Company in 1853, and acting as super- 
intendent in Scotland for many years. In 1870, at the 
transfer of the telegraphs to the State, Mr. Tansley was 
appointed divisional engineer for Scotland, and a few 
years ago, when the district was divided, he became 
superintending engineer for the western district, an 
appointment which he held till the day of his death. 
Mr. Tansley was born in 1832, and was con- 
sequently 56 years old. He had been 37 years in 
the service of telegraphy. We may remark that 
by the death of Mr. Tansley, Messrs. Graves and 
Preece, the engineer-in-chief and electrician respec- 
tively of the Postal Telegraph Service, are the only 
representatives in the department of the old divisional 
engineers, by whom the engineering department of the 
Post Office was worked at the period of the transfer. 


Royal Jubilee Exhibition, Manchester.—The accounts 
of this exhibition, to the 3lst January last, were pre- 
sented at a meeting of the executive committee on 
Wednesday afternoon. They show an estimated surplus 
balance up to that date of £43,239 4s. 1d., aresult which 
contrasts most favourably with other exhibitions. The 
total amount of receipts from all sources was £268,290, 
and the total disbursements £221,312. The total cost 
of electric lighting is put down at £9,524 9s, 10d., the 
fairy fountain displays cost £3,943, and the illumina- 
tion of the ground by lamps, £2,768 6s. 8d. 


Mein Herz.—The Bulletin International de L’Elec- 
tricite speaks in the following feeling terms of an 
eminent personage :— We understand that Dr. Cor- 
nelius Herz, the instigator of the Creil experiments, is 
about to leave Paris. It would be a pity that an 
activity so well utilised should be permanently lost to 
electricians, and without exaggerating the value of the 
services of Dr. Herz, we imagine that his absence will 
not be indifferent to them. It would be premature for 
us to give expression to ourregret. By a strange coin- 
cidence, M. Fontane offers for sale 1,220 shares in the 
Societé pour la transmission de la force par l'electricité. 


Telegraph Convention between France and Switzer- 
land.—The convention entered into between France 
and Switzerland on the 15th of last December, esta- 
blishes the rate per word for general correspondence at 
15 centimes. Between those Swiss Cantons and French 
Departments immediately in contact, the rate per word 
is fixed at 10 centimes. The tax on general corre- 
spondence is divided into 9 centimes for France and 6 
for Switzerland; between the frontier departments 
and the corresponding cantons, France takes 6 and 
Switzerland 4 centimes. The rate for general corre- 
spondence applies to Algiers and Tunis, with an addi- 
tional tax of 10 centimes per word, the whole of which 
extra charge is taken by France for the cable transit. 


The Marquis of Salisbury, Electrician,—Perhaps 
nowhere, says the Newcastle Chronicle, either in this 
country or out of it, can the application of electricity 
to the uses of life be seen to greater advantage than at, 
Hatfield, the seat of the Marquis of Salisbury. The 
contrivances there are being continually added to. 
Though known to the public generally only as a 
political writer and statesman, the present Prime 
Minister of England has been, from his youth up, an 
ardent student of Natural Philosophy, and he is known 
in scientific circles as an able and accomplished experi- 
menter. They say he has no drawing room in his 
London residence, having transformed it into a physical 
laboratory. 
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New York Conduits.—It seems that some trouble is 
anticipated with regard to the man-holes in the New 
York conduits, which are said to have an insufficient 
capacity as compared with the conduits, and that con- 
sequently the connecting of the conductors at these 
points after a certain number of cables have been 
drawn in, will present considerable difficulties. 


NEW COMPANIES REGISTERED. 


Mayfield, Cobb & Co., Limited.—Capital £20,000 in 
£5 shares. Object: To trade as manufacturers of and 
dealers in electrical, photographic and scientific ap- 
paratus, and also to trade as electrotypers and electro- 
platers ; also to take over the business of J. T. May- 
field & Co., of 41 and 35, Qneen Victoria Street, and 
the business carried on by Wm. Cobb, at Woolwich. 
Signatories (with 1 share each) : *Wm. Cobb, Eltham ; 
*G. F. Flemmich, Roehampton ; *J. T. Mayfield (elec- 
trician), 73, Finsbury Park Road; A. KE. Cobb, 78, 
Wellington Street, Woolwich; *F. Ince, S. Benet 
Chambers ; *J. T. Todman, Dorking; G. B. Ince, S. 
Benet Chambers. The signatories, denoted by an as- 
terisk, and Sir Charles Stewart Forbes, Bart.,are the first 
directors ; remuneration £100 per annum. Registered 
10th inst. by Ingledew, Ince & Co.,S. Benet Chambers, 
Fenchurch Street. 


Institute of Medical Electricity, Limited.—Capital 
£20,000 in £1 shares. Object: To provide an esta- 
blishment for the cure and relief of diseases and ail- 
ments by electrical and other kindred treatment, and 
to develop and assist in developing the science of 
medical electricity. Signatories (1 share each): Dr. 
SiJvanus Thompson, 20, Arundel Gardens, North Ken- 
sington ; *Major-Gen. E. A. Berger, West Ealing; T. R. 
Dallmeyer, 25, Newman Street, Oxford Street ; *Hy. E. 
Upton, Marlborough Club; *H. Newman Lawrence 
(electrical engineer), 73, Digby Road, N.; *Wm. 
Lant Carpenter, B.A., B.Sc., 12, Princes Street, Hanover 
Square ; P. J. King (telegraphist), 36, Lucerne Road, 
Highbury. The signatories denoted by an asterisk 
are the first directors. Qualification: 50 shares. Re- 
gistered 11th inst. by C. Stewart King, 16, Clifford’s 
Inn, Chancery Lane, E.C. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


“ Eclipse Electric Lighting Syndicate.—An agree- 
ment of 4th (filed 7th inst.) provides for the purchase 
of the business of electrician and mechanical engineer, 
carried on by John Garford, at 1, White House, Tele- 
graph Street, for £5,000 cash and £10,000 in fully paid 
shares. The purchase includes the British Letters 
Patent 8,228, dated 7th July, 1885, and 4,744, dated 30tk 
March, 1887,and also patents for Italy, Belgium, France, 
and the United States of America. 


Electric Car and Power Company, Limited.—The 
statutory return of this company made up to the 10th 
inst. was filed on the same day, The nominal capital 
is £100,000 in £1 shares, but the enly shares at present 
taken up are the seven subscribed for by the signa- 
tories to the memorandum and articles of association. 


Schanschieff Electric Battery Company, Limited— 
By a resolution of the directors of this company the 
capital has been increased by the issue of 20 new shares 
of £250 each, making a total increase of £5,000 in 
capital of the company. The resolution was duly 
registered on the 8th inst. 

Electric Traction Company, Limited.—The regis- 
= office of this company is 25 to 35, New Broad 

reet, 


Electrical Automatic Delivery Box, Limited.—The 
registered office of this company is at 45, Eastcheap. 


CITY NOTES, REPORTS, MEETINGS, &c. 


Submarine Telegraph Company, Limited, 


A MEETING of the proprietors of this company was held at the 
offices, 2, Throgmorton Avenue, London Wall, E.C., on Tuesday, 
the Hon. H. R. Brand presiding in the absence of the chairman, 
Sir Julian Goldsmid, Bart., MP. 

Mr. S. M. Clare, the secretary, having read the notice convening 
the meeting, 

The Chairman, in moving the adoption of yp report and 
accounts, expressed the regret of the board at the absence of Sir 
Julian Goldsmid, who was passing the winter abroad, and was 

tly disappointed to find that he was not able to be present. 

n the absence of Sir Julian, the board had asked him (the 
speaker) to take the chair, bevatise he happened to have been 
associated with the chairman in negotiations with the English 
Government upon matters which seriously affected the interests 
of the company. He need not detain them on the accounts of the 
present half-year. They were simple and normal in their 
character. Perhaps the only item calling for remark was the 
item of salaries and , which showed a considerable increase. 
As the report showed, the moiety of that increase was explained 
by the fact that there had been 27 pay days, while the takings 
had been for only 26 weeks; the balance was explaired by the 
necessary and inevitable increase in salaries. There was nothing 
unusual in the character of the business. It had been very 
steady, subject to very little fluctuation. On the one hand there 
had been considerable increase in the number of messages, but on 
the other hand there had been yet again a shrinkage in the 
number of words per message, the consequence being that there 
had been a slight decrease in the receipts as compared with the 
corresponding half of last year. The accounts, as a whole, 
enabled the Bem al to recommend a dividend of 715} per cent. 
per annum, to add the usual amount to the reserve-fund, and to 
carry forward a small sum. Continuing, the chairman said: 
Now, I am quite sure that your minds at the present meeting are 
occupied with matters affecting the existence of the company, 
and therefore I will shortly inform you of our position in respect 
to the renewal of our concession. You will remember that on two 
or three of the last occasions of our meeting the shareholders, the 
chairman deprecated any discussion upon this question. You 
were very willing to follow that advice, and indeed it was obvious 
that no advantage could be gained by making public the course 
of our negotiations with the French Government. At the same 
time I think I am right in saying that the chairman, in guarded 
language, expressed an expectation that we should be successful 
in obtaining a renewal of this concession from the French Govern- 
ment. Well, I have to say that the chairman was perfectly 
justified in expressing that opinion. We had actually received an 
intimation from the French Government, of which M. Rouvier 
was Premier, that the renewal of the concessions would be granted 
to us for a term of years to be agreed upon between the Govern- 
ment and the company, when the English Government interposed 
and requested the French Minister to defer signing that agree- 
ment until he had an opportunity of considering an alternative 
policy of the English Government to place the administration and 
working of the cables between England and Belgium, and England 
and France, in the hands of the Administrations of the respective 
countries. I think it right to say here, that our success so far 
was due to the energy and ability of our chairman, Sir Julian 
Goldsmid, and of one of our colleagues, the late Sir James 
Carmichael, ably seconded as they were by Count Dillon in 
Paris, who s no efforts in the interests of the company. 
I think it right that the shareholders should know of this, 
because those gentlemen did all that was humanly ible, 
and could not possibly have foreseen the, as think, 
very strange action of the English Government. Well, now, 
I consider, and the board consider, that the action of the 
English Government is a breach of faith with the company. We 
have pressed this view upon the Government, but Governments 
have no conscience—in that matter they seem to be allalike. We have 
now a Chancellor of the Exchequer who is a financier and a man 
of business, who sees an opportunity, as he thinks, of obtaining a 
profitable business upon easy terms, and seizes the opportunity of 
doing so, although he can only effect his object by the sacrifice 
of your interests. Now, if it was said that this was for the public 
advantage something might be said for that policy; but it is 
not for the pubic advantage. The public can obtain every 
advantage from this company that the Post Office could give 
them. It is a mistake to suppose that the tariffs have been 
settled by this company: the tariffs have been settled by the 
Governments with the agreement of the company. The company 
have always been willing and anxious to meet the Government in 
this matter, and in future would not object to reductions in tariff, 
so long as those reductions did not preclude all hope of carrying on 
the business in a profitable way. The policy of the Government 
is not likely to encourage or stimulate private enterprise. The 
late chairman, Sir James Carmichael, and the other concessionaires 
were the poineers of submarine telegraphy in this country. 
I am right, I believe, in saying that the Calais cable of this 
company was the first cable ever laid under the sea. The enter- 
prise was considered at the time to be a mad and hopeless one ; 
yet the company, instead of failing, succeeded, and now they are 
required to yield up the results of their skill and enterprise. I 
have said that it is a gross breach of faith by the Government, 
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and I will tell you why I say so. In 1868, when the English 
Government purchased the Inland telegraphs, this company 
entered into an agreement with the English Government for the 
transmission of messages along the land lines. Ten years later 
the Governient, being desirous of obtaining better terms, entered 
into a fresh agreemetit with this company, by which on the one 
hand, the Governmient invited the conipany to obtain the renewal 
of the concessions from the French and Belgian Governments, 
and on the other hand the company undertook as soon as they 
obtained the renewal of those concessions to give terms to the Post 
Office niore advantageous than those fixed by the agreement of 
1868. Well now the Governnient allege that this agreement 
has beconte null and void by the failure of the Board to obtain an 
edrlier rénéwal of its concession froni the French Governuient and 
by lapse of tinie. In the first place I have to say that our failure 
to obtain an éarlier rénéwal of the concessions was not owing to any 
fault of the Board, but to the fact that we were always niet with 
a refusal by the French Government to enter into consideration 
of this matter until the time of the expiry of the old concession 
had arrived. But apart from this, the lapse of time and failure to 
obtain an earlier renewal of the concession was no justification 
for the action of the English Government. They entered into 
the agreement of 1878, and invited us to obtain a renewal of the 
concession from the French Government, and from that time 
until November last never intimated to the company that not 
only was the agreement cancelled, but they intended actively to 
oppose the renewal of our concessions. I contend that for 
all those years they led the board to believe, and the board 
acted upon that belief, that the position of the English 
Government would be one of benevolent neutrality towards the 
company. We have urged this point upon the Government, and 
have intimated to them that if they insist upon this policy, they 
ought to have regard to these circumstances in fixing the price to 
be paid to the company. We have done this because it is obviously 
absurd to discuss a question of policy with the English Govern- 
ment. The English Government have decided the question of 
policy, and that may be considered as settled so far as regards the 
English Executive. There remains, of course, the decision of the 
French Government, who have as yet come to no decision upon 
the matter, and the decision of the English Parliament. I hope 
for my part that some efforts will be made in Parliament to point 
out the extreme danger of those extensions of Government 
businesses. Fortunately there are very few technical departments 
belonging to the English Government. I have had experience of 
a few of them, and I know that the permanent officials believe, or 
pretend to believe, that they can carry on business better than 
private enterprise. In that I think they are mistaken. They are 
always endeavouring to enlarge the area of their departments, 
and they put forward these proposals on the ground that they will 
he for the public advantage, and that the minister making himself 
responsible for these extensions will gain a great access of popu- 
larity, whereas the only practical result and outcome is a large 
increase of the pension and salary lists, and probably an increase of 
the number of C.B. and K.C.B.-ships. It appears the Treasury is 
quite incapable of resisting this tendency, although it has hada 
bitter experience. There is an enormous deficit upon the Tele- 
graph Department; the Parcel and Sample Post publish no 
balance-sheet, but if a return were moved for in the House of 
Commons, I think it would be seen that that business was con- 
ducted at a ruinous loss to the taxpayers, and if the Government 
purchases the submarine cables, they will soon be conducting 
that businegs also, not at a profit, but at a loss. That is 
not a pleasant prospect for the taxpayer. But it is useless 
for us to discuss the question of the policy of the English Govern- 
ment. If they persist and obtain the consent of the French 
Government, the only question between the Government and the 
company will be one of terms. I cannot express myself as being 
very sanguine that the terms will be such as you and the board 
will consider highly satisfactory, but I am happy to say that we 
have got the Government to assent to two principles for which the 
directors have contended, and to which they attached the utmost 
importance. I do not think I should say more at the present 
moment. I can only ask you to have patience, to be assured that 
the directors will do their best to guard your interests, and so 
soon as we approach nearer to a settlement we will call you to- 
gether to obtain your decision. I now beg to move the adoption 
of the report. 

The Hon. Ashley Ponsonby seconded the motion. 

Mr. King remembered saying on an occasion when the subject 
was under discussion many years ago, “If we do our work well, 
serve the country well, I, for one, shall have nothing to fear as to 
the renewal of the concession.” He then believed it to be quite 
impossible that a company which had manifested the indomitable 
enterprise they had done and brought toa practical and useful 
issue such an invaluable invention would be slightingly treated 
by any government which might happen to be in power. If it had 
not been for the indomitable courage of the originators of this 
company, such a thing as submarine telegraphy would have been 
unknown to the commercial world. He still hoped that they would 
have justice at the hands of the British Government. If the 
Government were desirous of making the property their own, they 
must do so by giving a fair and reasonable remuneration. It 
would be a poor reward for their enterprise if the Government per- 
sisted in doing as they seemed inclined to do. The intimations in 
the public press, made before the negotiations had ripened, had 
considerably damaged the property and fearfully depressed the 
price of the stock. They were all thrown into a state of alarm and 
doubt, and their position was very considerably aggravated. 


Mr. Soden said he was completely staggered when he heard of 
the means adopted by the English Government to induce the 
French Government not to renew the concessions. He was 
quite sure the taxpayers would not consent to have their money 
spent in backing up the credit of a foreign government, and in 
allowing them to have more than their fair share of the profit of 
this undertaking. He suggested that endeavours should be made 
to secure the co-operation of all the other large submarine tele- 
graph companies, so that they might be able to make a stand 
before the Government with the view of obtaining a fair and 
adequate compensation for their property. The question was one 
which affected all shareholders in telegraph companies landing 
upon these shores, for, once embarked upon the policy of revoking 
the landing licenses, it was impossible to tell where the Govern- 
ment would stop. 

The Chairman thanked the shareholders for their assurance of 
support, and said it was true that a blow aimed at this company 
exposed the other submarine telegraph companies to a similar 
danger. He only hoped those companies would pereeive the fact 
and help them in the matter. 

The motion for the adoption of the report was then put and 
unanimously agreed to. 

The Chairman moved the declaration of a dividend of 15 per 
cent. in accordance with the recommendation of the report, and 
this also received the undivided assent of the meeting. 

Mr. Soden, in moving a vote of thanks to the chairman and 
directors, urged the shareholders to use all the interest they 
possessed in Parliament and with the other companies to procure 
support for the directors. 

The vote of thanks was carried and acknowledged, whereupon 
the meeting terminated. 


The Brighton Electric Light Company, Limited. 


THE second annual report to the shareholders embraces the opera- 
tions of the company from the Ist October, 1886, to the 31st 
December, 1887. 

The capital account has, during this period, been augmented 
by the sum of £2,100, which has enabled the company to increase 
their engine power and dynamo capacity, and to largely extend 
the circuits. The profit and loss account, after writing off the 
special legal expenses of the year, and an ample sum for depre- 
ciation of plant, shows a balance of profit for the fifteen months 
of £721 16s. 6d., which, with the small balance brought forward 
from last year’s accounts, makes the sum to the eredit of profit 
and loss account £729 Os. L1d., and the directors recommend the 
following appropriation of it :— 


Dividend of 5 per cent. per annum on the 
share capital ... £568 16 10 
Liquidation of the balance of the preliminary 
expenses account... 89 16 2 
Carried forward to next year’s profit and loss 


account om 70 711 


£729 011 


There has been a steady increase in the company’s business 
during the period under review. The mains belonging to the 
company now extend a distance of 15 miles; reaching westward 
as far as King’s Gardens, Hove ; eastward as far as Eastern Ter- 
—_ Kemp Town; and northward as far as Hanover Crescent, 

ewes 

One reason of this increase of business, and of the probability 
of its further development, is the extension of the company’s 
mains into Hove. As that district consists almost entirely of the 
residences of the wealthy, a practically unlimited field is thereby 
opened to the company. 

The directors have considered it desirable, in order to be in a 
position to cope with their increasing business, to still further 
increase the dynamo power, to extend the company’s circuits, and 
to gradually place “convertors” in all the premises lighted, by 
means of which it will be possible to turn lights on and off one by 
one when required. 

The cost of the proposed extensions will be about £2,000, and 
the directors propose to cover this sum by a further issue of share 
capital. Preference will be given to applications received from 
residents in Brighton and Hove, especially from those who are 
customers of the company, as the directors are anxious to widen 
the local interest in the concern. An application form is enclosed 
herewith. 

The contemplated addition to the plant will bring up the total 
dynamo capacity to over 2,500 16-candle power incandescent 
lamps, the present engine power being capable of driving dynamos 
for 3,500 lamps, so that the capacity of the plant.can be enlarged 
to this extent by the addition of new dynamos at any time when 
required. 

The nature of the improvement in the company’s business may 
be seen by the following statements :— 


(a) 
Lights in operation on Ares. Incandescents. 
October 1st, 1885 34 516 
» 1886 27 875 
December 31st, 1887 ... eee 34 1,372 
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(0) 

Quantities of electricity supplied from the works during the past 

15 months, as compared with corresponding months of previous 
year :— 

* Units Supplied. 


' 
{| Informer | In present Percentage of 


period, period, increase, 

Per cent. 
1886—October ... 1,269 2,633 108 
» November 2,117 2,984 41 
» December 2,446 3,175 30 
1887—January 2198: |  $,111 46 
» February 1,587 2,180 38 
» March ... 3 We 1,190 | 1,936 | 63 
1,035 | 1,639 58 
Ve 971 1,031 7 
701 1,093 56 
» August... 1,462 1,845 26 
» September... 1,846 | 2,909 
» October... 2,633 | 3,958 50 
» November 2,984 5,427 81 
December 3,175 | 6,372 101 
Totals 26,257 41,309 56 


T€ will he noticed that, whereas the total business shows the 
satisfactory increase of 41,309 units as compared with 26,257 in 
the former period of 15 months, the most recent improvement is 
still more marked ; the units consumed in December, 1887, being 
6,372, as against 3,175 in December, 1886, and the consumption 
in the quarter ended December 31st, 1887, 15,757 units, as com- 
pared with 8,795 units in the corresponding quarter of 1886. 

In view of these figures the directors feel confident that, with 
the proposed additional machinery at their command, they will 
be able, during the current year, to considerably augment their 
gross receipts, and as the expenses will not grow in anything like 
the same proportion, a substantial improvement in the profits will 
in their opinion result. 

The following is a list of the present installations of the com- 
pany :—The London, Brighton and South Coast Railway Station, 
the Grand Hotel, the Bedford Hotel, the Clarence Hotel, the 


‘Quadrant Hotel, the Gloucester Hotel, the Orleans Club, the 


Union Club, the Oxford Music Hall, the Chapel Royal, the Sussex 
Daily News Office, the Swiss Mountain Railway, Sir Albert 
Sassoon, private house; Reuben Sassoon, Esq., private house ; 
Arthur Sassoon, me private house; Panmure Gordon, Esq., 
private house; Fredk. Shoolbred, Esq., private house; James 
Willing, Esq., private house ; G. Attree, Esq., sen., private house ; 
G. F. Attree, Esq., jun., private house: F. W. Jowers, Esq.,M.D., 
private house; G. R. Miller, Esq., private house; Charles Catt, 
Esq., private house; Charles Lamb, Esq., private house ; Edward 
Scott, Esq., private house; Colonel Tamplin, private house ; 
Frederick Druce, Esq., private house; W. J. Smith, Esq., private 
house; James Willing, Esq., office ; G. Attree, Esq., office; Messrs. 
Tamplin and Son, office ; Messrs. J. L. Denman & Co., office ; Mr. 
A. F. Lamette, The Dudley, boarding house ; Mr. A. F. Lamette, 
Dudley Mansion, boarding house; Mr. J. L. Gore, Connaught 
House, boarding house ; Mr. Buchel, Belvedere Mansion, boarding 
house ; Mr. Worth, Haselmere House, boarding house ; Messrs. 
Wells & Co., shop; Messrs. Louis Wolff & Co., shop; Messrs. 
Henocksberg & Pool, shop ; Messrs Williams & Co., shop ; Messrs. 
Pope & Son, shop; Messrs. Cheeseman & Co., shop; the Water- 
proof Stores, shop; the Photographic Company, Limited, shop ; 
Messrs. Allen & Thompson, shop; Messrs. Lewis & Son, shop ; 
the Drug Stores, shop; Mr. Lediard, shop; Mr. Soper,shop; Mr. 
Ullman, shop ; Mr. Lawson, shop; Mr. Green, shop ; Mr. Lawrence, 
shop; Mr. Kemp, shop; Mr. Baker, shop; Mr. Stephens, shop ; 
Mr. Munden, shop. 

Mr. Arthur Wright, who, while in the employ of Messrs. 
Hammond & Co., started the works at Brighton in conjunction 
with Mr. Robert Hammond, and who has brought them to their 
present state of efficiency, has continued to act as managing 
director ; and the thanks of the sharenolders are due to him for 
the highly satisfactory mauner in which he has conducted the 
business of the company during the period under review. 

_He reports that the engines and dynamos have continued to 
give satisfaction, and are at the present time in thoroughly good 
working order. There has not been one single breakdown of the 
machinery during the 15 months. The whole installation is in a 
= state of efficiency than it was at the date of the last 
r2port. 


The Swan United Electric Light Company, Limited, 


Tue fifth annual report of the directors states that the business 
has grown and has resulted, after paying all current charges and 
making fair allowance for depreciation of plant and machinery, in 
leaving a sum of £7,554 11s., which the directors recommend shall 
be applied to the writing off of £5,834 3s. 1d., the amount which 
stands against profit and loss, carrying forward £1,720 7s. 11d. 
The directors have resumed negotiations with the Compagnie 
Continertale Edison, with a view of arriving at an equitable settle- 
ment in the countries in which they hold patents in connection 
with electric lamps. Should these negotiations result in any plan 


which the directors regard as beneficial for the company, they wil] 
call a special meeting of the shareholders. In their last report 
the directors stated that they were led to believe that a decision 
in the patent suit would shortly be given by the judges in the 
Court in Berlin. The case has dragged on during the year, but 
judgment. has not yet been delivered. Competition is very keen 
on the continent, but the Swan lamp is undoubtedly the best in 
the market. The sales have increased during the year consider- 
ably, and the demand for lamps during the winter months: has 
been largely in excess of previous years. 


The India-Rubber, Gutta-Percha, and Telegraph 
Works Company, Limited. 
Tr directors’ report for the year ending December 31st, 1887, 
states that the accounts show the net profit for the past year to lhe 
£13,174 10s. Adding £37,955 13s. 5d. brought forward, and de- 
ducting £20,800 interim dividend paid in July, there remains a 
disposable balance of £30,330 3s. 5d. The directors recommend 
the distribution of a dividend of 10s. per share, free of income tax, 
amounting to £20,800, making with the interim dividend a total 
ayment for the year of 10 per cent., and leaving £9,530 3s. 5d. to 
be carried forward. The company has done an increased general 
business in the year ; but competition and cost of raw materials 
have also increased, and have kept down the rate of profit on manu- 
factured goods. The little submarine cable business open to tender 
has been keenly competed for. The contracts secured by the company 
have given inadequate employment to its cable works and steamers 
during the year; and the expense of the submarine telegraph 
engineering staff and plant, though reduced as far as prudently 
could be, has borne heavily on the general earnings. ‘To these 
causes the directors attribute the reduction in profit shown in the 
accounts. In order however to equalise dividends to some extent, 
and believing that they may hope for better results in the future, 
they have drawn upon the floating balance of undivided profit, 
still leaving a substantial amount to carry forward to the current 
year. The company’s works, machinery, and vesssels are all in 
first-rate order. 

Profit and Loss Account for the year ending 31st December, 1887. 
Dr.—To salaries, interest, and general expenses, £47,099 1s. 6d. ; 
bad debts, £943 9s. 8d.; income tax, £2,825 15s.; depreciation 
written off buildings and machinery, £14,387 8s.; directors’ re- 
muneration (minimum), £2,000; balance—profit for the year, 
carried down, £13,174 103.—total, £80,430 4s. 2d. To interim 
dividend of 5 per cent. paid in July, £20,800 ; proposed dividend 
of 5 per cent., £20,800, £41,600; balance to be carried forward to 
1888, £9,530 3s. 5d.—total, £51,130 3s. 5d. Cr,—By gross profit 
for the year, £71,330 19s. 9d.; interest and profit on debentures 
and shares in other companies, £9,099 4s. 5d.—total, £80,430 4s. 2d. 
By balance brought down, £13,174 10s.; amount brought forward 
from 1886, £37,955 13s. 5d.—total, £51,130 3s. 5d. 


TRAFFIC RECETPTS. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the 
week ending February 10th, 1888, after deducting the fifth of the gross receipts 
= to the London Platino-Brazilian Telegraph Company, Limited, were 

2,559. 


The Brazilian Submarine Telegraph Compuny, Limited. The traffic receipts for 
week ending February 10th, amounted to £3,856. 


PROCEEDINGS OF SOCIETIES. 


The Society of Telegraph-Engineers and Electricians. 


An ordinary general meeting of this society was held on Thuwrs- 
day, February 9th, Mr. E. Graves, the President, in the chair. 
The minutes of the last ordinary general meeting having been 
read and confirmed, a paper was read by Mr. GisBertT Karr, 
member, on “ Alternate Current Transformers, with Special Refe- 
rence to the Best Proportion between Iron and Copper.” 


1. 


The principle on which all induction coils, and therefore all 
the different forms of alternate-current transformers, depend is 
that of a magnetic circuit interlacing with an electric circuit. 
In its simplest form this relation can be represented by two rings 
threaded through each other (fig. 1), one representing the 
electric circuit (coloured red in the diagram to indicate the 
copper wire), and the other the magnetic circuit (coloured blue in 
the diagram to indicate the iron core). Modern transformers 
have all a closed core, so as to compel, as far as possible, all the 
lines of the magnetic circnit to pass through the electric circuit, 
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which consists of a primary and secondary coil; but they differ 
from each other in the particular manner in which the circuits 
are arranged, with a view to attain the following objects :— 
Reduction of the length of the two circuits, reduction of the 
weight of materials employed, ventilation, facility of manufacture 
and repair, efficiency of insulation, and reduction of cost of manu- 
facture. Omitting for the present those considerations which 
more nearly concern the practical manufacture, we may divide 
transformers broadly into two classes—one in which the copper 
coils are spread over the surface of the iron core, enveloping the 
latter more or less completely ; and the other in which the core is 
spread over the surface of the copper coils, forming a shell over 
the winding. I propose to call the former “core transformers,” 
and the latter “shell transformers.’ A familiar example of the 
first class is the armature of an ordinary Gramme dynamo, whilst 
the particular type of transformer introduced by Mr. Zipernowski 
may serve to illustrate the second class. They are represented 
in the wall diagrams (figs. 2 and 3), the copper being coloured 


red and the iron blue. It is evident without mathematical 
investigation that, whatever may be the proportion between the 
external and internal diameter of the ring, the electric circuit 
must be shorter than the magnetic circuit in the Gramme ring or 
core transformer, whilst the opposite must be the case in the 
Zipernowski ring or shell transformer. When, a few years ago, 
this type was introduced, it was,on account of its short magnetic 
circuit, generally believed to be an immense improvement upon 
the Gramme ring; and I have heard it stated that with the 
Zipernowski outside core absolute perfection has been reached, 
since “every inch of copper wire contributes to produce electro- 
motive force.” I propose presently to lay before you a short 
investigation into the relative merits of the Gramme and Ziper- 
nowski rings, and also into the best proportion of copper to iron 
in either ; but before entering into this subject I would submit a 
few theoretical considerations, so as to obtain a basis for this 
investigation. 

Since the electromotive force developed in the secondary 
circuit is proportional to the coefficient of mutual induction 
between that and the primary circuit, and since self-induction 
tends to produce lag and so reduce the output of the apparatus, 
it is obviously advantageous both for efficiency and output, to so 
arrange the coils that their coefficient of mutual induction should 
bea maximum for the given coefficients of self-induction in the 
primary and secondary circuit. According to a well-known law, 
the maximum value which the coefficient of mutual induction 
can have is equal to the square root of the product of the two 
coefficients of self-induction; and the necessary and sufficient 
condition for obtaining this maximum is that the same number 
of magnetic lines of force should pass through both circnits, In 


other words, the whole of the flow of force shonld take place 
within the core, and no free poles should be formed. This con- 
dition can easily be fulfilled by a suitable arrangement of the two 
circuits in close proximity, and, as a matter of fact, is fulfilled in 
all modern transformers. We shall therefore assume that the 
same flow (F) of magnetic lines of force passes through both 
circuits, and that the electromotive forces produced in the two 
cirenits hear to each other the same proportion as their respective 
number of turns. We shall further assume that the electromotive 
force impressed on the terminals of the primary coil, or the 
current sent through it, is a simple sine function of the time— 
in other words, that the electromotive force developed in the 
armature of the dynemo is such a function. Whether the latter 
condition is generally fulfilled by modern machines [am unable to 
say; but T believe that the presence of a transformer in the 
circuit has the tendency to smooth down any deviations from a 
true sine curve should they occur in the armature, and, further, 
that a curve of E.M.F., of whatever shape, produced by a machine 
will, after filtering through two or three transformers, come out 
as a true sine curve. It would be of value if someone having the 
necessary mathematical attainments would investigate this point; 
but for our present purpose it is sufficient to assume that the 
electromotive force produced by the machine follows with fair 
approximation a simple sine function, and that the deviations are 
unimportant. This assumption has up to the present been made 
by all who have investigated the subject of transformers. 
Let, in the following :— 


n represent the number of complete cycles performed per second , 
» flow of foree in C.G.S. lines ; 
» maximum inductions (crest of wave) ; 

T ” + Number of turns in the coils, the indices 1 and 2 
being used to distinguish the primary from 
the secondary coil ; 

maximum electromotive forces (crest of wave) 
in volts, the indices 1 and 2 being used to 
distinguish the primary from the secondary 
coil ; 

average electromotive forces ; 

maximum currents ; 

average currents ; 

length of the magnetic circuit in centimetres ; 

area of core available for the flow of lines in 
square centimetres ; 


magnetic resistance of the core ; 


permeability ; 
the electric resistances : 
following well-known relations :— 


4 110-1 E 
E=27nFrl10°5; 


F 
= 
R E> 


Calling e; and e the average electromotive forces at the primary 
and secondary terminals respectively, 
en = + C72 = — Tz iy. 

When a transformer is at work we have the following pheno- 
mena. 

1. A wave of impressed primary electromotive force. 

2. A wave of counter electromotive force in the primary coil, 
but not exactly coinciding with the impressed. 

3. A wave of primary current not coinciding with either. 

4. A wave of magnetisation lagging behind the primary cur- 
rent wave by something less than a quarter period. 

5. A wave of electromotive force in the secondary coil lagging 
behind the magnetisation wave by a quarter period. 

6. A wave of secondary current, coinciding with the former (5) 
in period if the external circuit contain no self-induction—a con- 
dition approximately fulfilled where the current is only used for 
lighting glow lamps. 

The problem now is to find what relations exist between these 
different waves as regards their relative positions and magnitudes. 
At first sight it may seem that this would prove a very difficult 
problem ; and if an algebraic solution be attempted it is, in fact, 
if not very difficult, at least enormously complicated ; but it is 
easy to treat the matter geometrically in a very simple way. As 
this method has already been published some time ago, it will 
not be necessary to demonstrate it, and I shall limit myself to 
a brief description, pointing out a modification of the original 
method by which the energy dissipated in magnetising the core 
can be taken into account. It will be seen from the above equa- 
tions that F and £ are proportional. Consequently, if we know 
what E.M.F. is to be put on the primary terminals of a given 
transformer, we also know with very close approximation what 
the induction and total flow of lines will be. If it were not for 
the slight disturbing influence of the resistance of the primary 
coil, we would know these data exactly. But the loss of E.M.F. 
by resistance can, for obvious reasons, only be trifling, and will 
in most cases be settled beforehand. We can therefore determine 
F with perfect accuracy, and from the constructive data of the 
core also the exciting power (71) which will produce this flow. 
It will be shown presently that it is inexpedient and unecono- 
mical to work transformers with a high induction, and we may 
therefore regard the permeability to be constant for all p ints 
in the cycle. In this case 7 1 and F must at all times be propor- 
tional. Let, in fig. 4, the circle represent the effective exciting 
power which we assume to coincide with the magnetisation, so 
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that the projection on the vertical of the radius o Pp as it revolves 
(clockwise) round o represents the effective exciting power in 
ampére turns, and, to a different scale, also the flow of force at 
any instant. The line representing the current in the secondary 
must evidently lag behind o Pp by a quarter cycle, and can be 


Et) 


\ 
\ 
\ 
Jo \ 

J 

Fia. 4. Fia. 5. 


calculated from the formula for £, and from the resistance of 
this circuit. This gives us 0 1,, the maximum exciting power due 
to the secondary coil alone. By erecting a vertical on o P in Pp, 
and making P 1, = 0 12, we find the line o 1,, which represents in 
position and magnitude the maximum exciting power due to the 
primary coil alone. This gives us also the primary current, and 
‘we can now determine the loss of electromotive force due to the 
resistance of the primary coil, Let o rR, represent this in direction 
and magnitude. The counter electromotive force in the primary 
must evidently be in advance by a quarter period over the magne- 
tisation-; that is to say, it must be represented by a certain length 
on the line o y. Its amount can be calculated from the formula 
for z,. Let o £, represent it to the same scale as was used for 0 R,: 
then the parallelogram o Rr, E71 EF, gives us at once the point Ey 
and line o #, which represents in position and magnitude the 
maximum electromotive force impressed on the terminals of the 
primary coil, and. is the angle of lag of current behind impressed 
E.M.F. The work done on the primary coil is found by the well- 
known formula 


1,En 
Ww, = COS. a; 


Ww, = i COS. a. 


That is to say, the true work is equal to the product of the 
apparent work, as measured by a dynamometer and voltmeter, and 
the cosine of the angle of the lag. If the a tus were supplied 
with current at a copstant and unidirected E.M.F. the apparent 


and the true work would be equal, and the ratio —— indicates 


how much larger must be the capacity of an alternate-current 
plant to do the same true work as a continuous-current plant. I[ 
propose, therefore to call cos. a the “plant efficiency” of the 
transformer. 

It was stated above that transformers should be worked at a 
comparatively low induction. This might seem at first sight a 
retrograde step, since with dynamo machines considerable gain in 
efficiency and output has resulted from adopting an induction up 
to 20,000 and more; but by reference to fig. 4 one of the reasons 
why a low induction is preferable will be at once apparent. Sup- 
pose that the line o p represents the limit to which the induction 
may be pushed without diminishing the permeability : then, if the 
same transformer be worked at double the electromotive force, we 
would require an exciting power not only twice, but many times, 
as great as previously. is would bring the point Pp considerably 
to the left without increasing the length of the line p 1. It 
would also increase the length of the line o 1,;—that is, the pri 
current—and therefore the heat generated in the primary coil, 
whilst the angle of would become greater and the plant 
efficiency smaller. Similar results would follow from an increase 
in the magnetic resistance of the core, or from the omission of a 
core altogether. An early type of transformer made by Messrs. 
Gaulard and Gibbs had no iron core, and therefore no well-defined 
magnetic circuit; but as the primary spirals alternated with the 
secondary spirals our previous assumption regarding the coefficient 
of mutual induction remains valid, and the above formule and 
graphic method could be applied to this apparatus if we knew 
what value to assume for the resistance of the magnetic field. 
This, however, we do not know ; but the case is of no importanee at 


por as transformers without iron cores have become obsolete, 
only mention this early apparatus because the experimental in- 
vestigations of Dr. Hopkinson and Professor Ferraris* have 
proved that there is a considerable difference between the apparent 
and the true work ; that is to say, the point p must have been a 
considerable distance to the left, making the plant efficiency small. 
In modern transformers the point P lies so close to o that the plant 
efficiency may reach as high as 99 per cent., so that the difference 
between real and apparent work supplied to the apparatus when 
giving full output becomes trifling ; and for a practical determi- 
nation of efficiency the readingsof measuring instruments on the 
primary and secondary circuit may be used, with only such cor- 
rections as may be applied from the diagram. 

A high plant efficiency is, however not the only reason why 
transformers should be worked at a low induction. A far more 
important reason is the heating which takes place in the iron of 
the core if this be carried rapidly through cycles of intense mag- 
netisation. This heating is not due to eddy currents (although 
these currents in a badly designed core would produce the same 
effect), but seems to be the result of what may be termed dissi- 

tion of energy by molecular friction or hysteresis. The energy 

issipated per cycle per cubic ceritimetre increases in more than 
simple ratio with the induction, and it seems also to increase as 
the periodic time decreases. As yet very few experiments have 
been made to determine the hysteresis for different samples of 
iron, the most important data published being those given by 
Prof. Ewing and Dr. Hopkinson in the Philosophical Transactions, 
part ii., 1885. Prof. Ewing distinguishes between static hysteresis 
(slow period) and viscous hysteresis (quick period), but the ex- 
perimental data refer only to the former. According to Dr. Hop- 
kinson, the energy required to carry one cubic centimetre of 
annealed wrought iron through a complete cycle of induction 
equal to 18,251 lines is 13,356 ergs, and for hardened tungsten 
steel with an induction of 14,480 lines the energy reaches 216,864 
ergs. Prof. Ewing found that with very soft annealed wrought 
iron and B = 13,190 the energy dissipated by hysteresis was 9,300 
ergs. He also tested annealed iron wire by carrying it through 
lower cycles ; and, as the results are of very great importance in 
the construction of transformers, they are given herewith :— 


Induction, Energy. 
1,974 410 
3,830 1,160 
5,950 2,190 
7,180 2,940 
8,790 3,990 

10,590 5,560 

11,480 6,160 

11,960 awe im 6,590 


These figures refer to static hysteresis. As regards viscous 
hysteresis, no experiments have been made; but in the case of 
B = 8,500 and n = 80 Prof. Ewing estimates the energy dissipated 
per cycle at 5,000 ergs., or 32 per cent. above that of static 
hysteresis. When applying the figures of the table to trans- 
formers it may therefore (until further experiments have been 
made) be advisable to add from 30 to 40 per cent. to the energy 
there given. Thus, if an induction of 18,000 be adopted, the 
energy dissipated would amount to 18,000 ergs per cubic centi- 
metre per cycle ; and with 80 cycles per second this corresponds 
to ‘144 watt per cubic centimetre of core. It would evidently be 
extremely difficult, if not altogether impossible, to provide cooling 
surface enough for this rapid generation of heat, and hence it is 
necessary to work at a lower induction, the exact amount to be 
determined for each transformer by the cooling surface of the core 
and coils, and by the heat generated in the coils themselves. So 
far, then, theory pe to the necessity of low induction. As 
regards practice, I believe the makers of transformers have 
already found out that it does not pay to the iron magneti- 
cally too hard. My own experience was at least in this direction. 
In the first transformer which I designed jointly with Mr. W. H. 
Snell, and which is on the table, we worked at an induction of 
20,900, and there were produced two very undesirable results. 
In the first place, the core heated to such a ee tha‘ continuous 
work was out of the question ; and, in the second place, the appa- 
ratus emitted a most unmusical sound, and it was evident that on 
this account alone it was not fit for practical use. The sound 
may have been partly due to the employment of wood for the 
framework, but we believed that the a, induction was prin- 
cipally the cause, and by dropping the E.M.F. so as to get an in- 
duction of 15,000 we found that these evils were lessened. We 
then constructed another transformer, in which the induction was 
reduced to 10,000. This transformer is also on the table. In it 
the sound was suppressed, but the temperature still rose by about 
30° C. when continuously at work. We have therefore, in a later 
design, adopted a still lower induction. Although it is possible to 
reduce in this manner the amount of energy dissipated in the 
core, this waste cannot be entirely prevented, and must therefore 
be taken into account when determining by the aid of the diagram 
the working conditions of the apparatus. For this purpose it 
would, strictly speaking, be necessary to know, in addition to the 
total energy disctpated per complete cycle, also the rate of dissipa- 
tion at each point of the cycle—a knowledge which we do not 
possess. It seems, however, reasonable to assume that the rate of 


* “ Ricerche Theoriche e Sperimentali sul Generatore Secon- 
dario Gaulard e Gibbs,” by Galileo Ferraris, Turin, 1885. 
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dissipation of energy by hysteresis follows the same law as the 
rate of dissipation of energy due to eddy currents—that is to say, 
that it is proportional to the rate of change of induction. When 
the induction passes through zero the rate at which heat is 
nerated would be a maximum, and this would gradually 
iminish to zero as the induction approaches its positive or negative 
maximum. On this assumption we can imagine eddy currents sub- 
stituted for hysteresis ; and in an iron core perfectly devoid of the 
latter property—that is, infinitely soft—the same amount of heating 
could G produced by imperfect subdivision, or, better still, by. 
subdividing it perfectly, but wrapping round it a closed conductor 
of such a resistance that the heat generated in this conductor 
equals that dissipated by hysteresis in ordinary iron. For th 
ordinary transformer consisting of a perfectly subdivided core oi 
iron not infinitely soft and a primary and secondary coil, we would 
substitute an imaginary transformer consisting of a perfectly 
subdivided core of iron free from hysteresis, a primary coil, 
secondary coil, and a third closed coil of suitable resistance. The 
current in this third coil would coincide with that in the secondary 


cvil, and its exciting power would be added to that of the secondary | 


coil. For example, let the volume of iron affected by hysteresis 
in a particular transformer be 1,000 cubic centimetres, and let 
the energy of hysteresis be 5,000 ergs: the total energy dissipated 
would, with 80 cycles per second, amount to 40 watts. If the 
electromotive force produced in the secondary coil be 100 volts, 
then our imaginary third coil would have either the same number 
of turns as the secondary coil and a resistance of 250 ohms, or it 
might have half the number of turns and a resistance of 62°5 
ohms, or any other combination giving the same loss of energy. 
The mean value of the fictitious exciting power would in all cases 
be the same, namely, the number of turns in the secondary coil 
wultiplied by -4 ampére. Let, in fig. 5,0, H represent the maxi- 
mum value of this exciting power due to hysteresis: then the 
total exciting power tending to demagnetise the core, and which 
wust in a certain measure be balanced by the exciting power of 
the primary coil, is represented by the length 0, 1—being the sum 
of 0, H and H, I;, where H, I, equals 0, 1, of fig. 4—and the point, 
1,, will be pushed higher up as compared with fig. 4. The net 
result of this alteration is an increase in the amount of energy 
which must be supplied to the primary coil. It is thus possible 
to include the effect of hysteresis in the geometrical method of 
representing the working conditions of a transformer. I have 
dwelt at some length on this question because, notwithstanding 
its apparently somewhat abstruse character, it is really of very 
great practical importance. In some transformers the heat 
generated in the iron core is in excess of that generated in the 
copper coils, even at full out-put. Now, where transformers are 
placed in parallel between high potential mains, it is, for obvious 
reasons of safety, not advisable to allow customors to handle a 
switch on the primary circuit, and the current must therefore be 
on, whether lamps are being lighted from the secondary or not. 
When the ‘supply is continuous, as it obviously must be in a 
general system, the cyclic changes of magnetism in the core of 
every transformer will be kept up day and night; and the ques- 
tion of heating becomes of far greater importance than is the case 
in dynamo machines, which, as a rule, are only worked for a certain 
numbers of hours per ; 

On the basis of the foregoing we can now investigate |the rela- 
tive merits of the Gramme and Zipernowski rings, and the best 
proportion of —- to iron in each. I have selected the two 
original types and one modification of each as being fair repre- 
sentatives of the two large classes into which in the beginning of 
this paper I have divided all transformers. These “rings” are 
both equally difficult to manufacture, and contain serious practical 
defects ; but from a purely electrical point of view they are pro- 
bably as good as the majority of transformers now in the market. 
Their practical defects constitute for my pu a positive 
advantage, because nobody will care to claim either as his special 
type, and I shall thus ome the somewhat invidious task of 
having to compare the actual transformers made by rival manu- 
facturers. As it is obviously impossible to conduct an investiga- 
tion of this kind on absolutely general lines, it was necessary to 
assume rings of definite dimensions. I have selected rings of 
circular section having an internal diameter of 20 cm. and an 
external diameter of 42 cm., shown in full size in the wall diagrams 
(figs. 2 and 8). The mean primary potential is assumed to be 
2,000 volts, and the secondary 100 volts. The copper coils in 
fig. 2 and the coils forming the iron shell in fig. 3 are supposed to 
touch each other on the inside, and, being of equal depth all 
round, to separate on the outside, exposing part of the inner 
ring. In the Zipernowski transformer as actually made the 
inner diameter of the ring is rather smaller than shown in 
fig. 3, and the shell winding covers the whole surface of the 
conductor, being of less depth on the outside than on the 
inside; but the magnetic resistance is in either case so low that 
the difference between the assumed and actual arrangement 
does not materially affect the result, whilst the calculafions for 
the former are somewhat less complicated. The total space 
occupied by insulation I have assumed to be 1 cm., or 2°5 mm. 
between the core of the Gramme ring and the primary coil, and 
25 mm. between that and the secondary coil. The same space 
has been allowed for the Zipernowski ring. We can now assume 
different sectional diameters for the inner 1ing (core or coils), and 
depth of winding for the covering (coils or shell), so as to make 
up the 11 cm. sectional diameter of the whole ring ; and deter- 
mine the output for each combination so that for continuous 
work the apparatus should keep moderately cool. From analogy 
with dynamos I estimate the total energy which may be wasted 


without producing overheating at 260 watts ; and the output has 
in all cases been calculated on this basis for an induction of 8,500, 
a periodic time of th second, and hysteresis at 5,000 ergs. As 
it would serve no useful purpose to burden this paper with a 
reproduction of the somewhat lengthy ca)culations, I have plotted 
the results in ‘the curves m (figs. 6 and 7). The curves 1. show 


Fie. 6. 


the output which might be obtained if hysteresis did not exist, in 
which case the whole of the 260 watts would be transformed into 
heat within the coils. The thickness of copper winding, fig. 6, 
and that of the iron shell, fig. 7, is plotted on the horizontal ; 
the output on the vertical. From fig. 6 it will be seen that the 
maximum output with the Gramwme ring is 6,400 watts with a 


Fig. 7, 


thickness of copper winding of about 1:7 cm., leaving 66 em. for 
the sectional diameter of the core. The cross-sectional area of 
the magnetic circuit is in this case about 80 per cent. of the cross- 
sectional area of the electric circuit, and the gross volume occu- 
pied by iron is ahout equal to the gross volume occupied by 
copper. ‘The maximum output for the Zipernowski ring, fig. 7, is 
6,100 watts for an iron shell 2 cm. thick, leaving the sectional 
diameter of the coils 6 cm. . The cross-sectional area of the 
magnetic circuit is in this case nearly eight times that of the 
electric circuit, and the gross volume occupied by iron is 1} times 
that occupied by copper. Thus, with the same external dimen- 
sions, the Zipernowski ring gives a slightly lower output than 
the Gramme ring ; but it must be remembered that the weight of 
copper is also slightly smaller. I have made the same calcula- 
tions for oblong rings, as shown in fig. 8. Imagine the Gramme 
me cut in halves, those straightened and laid side by side, 
and the two cores joined by semicircular pieces at the ends. 
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The copper coils will in this process not be altered, but the 
length of the magnetic circuit and the volume of iron iu the core 
will be increased ; hence more energy will be absorbed in 
hysteresis, and the dutput will be reduced. In fig. 6 the 
curve 2 represents the output for the oblong Gramme ring. By 
adopting the oblong shape for the Zipernowski ring we do not 
alter the mass of iron in the shell, but we lengthen the electric 
circuit, and increase the waste of energy in the coils. In this 
case also the curve of output 2, fig. 7, must lie below that of 
the circular type. Curve 1, fig. 7, shows the output of the 
oblong type if there were no hysteresis. In fig. 6 this must 
obviously coincide with curve I. The maximum output of the 
oblong type is—for the Gramme ring, a little over 6,000 watts ; 
and for the Zipernowski ring, 5,800 watts. 


é--------- 49m 


Fig, 8. 


Up to the present we have only considered the output as 
limited by the amount of energy which may be wasted without 
overheating. But there is another and equally important con- 
sideration which affects the output, {namely, the question of 
self-regulation. It is evident that in a transformer fed at a 
constant potential the induction is a maximum when the 
secondary circuit is open; for in this case the counter electro- 
motive force of the primary is very nearly equal to the 
electromotive force at the terminals. At full work the two 
differ. by the amount lost in resistance, and the induction is 
reduced in the same proportion. The electromotive force 
generated in the secondary coil is proportional to the induction, 
and we must deduct from it the loss in resistance in order 
to obtain the external electromotive force. Thus, if 1 per cent. 
be lost by resistance in the secondary, and 1 per cent. by 
resistance in the primary, the difference of available electro- 
motive force between open circuit and full output will be 2 per 
cent. For good lighting this may be considered the permissible 
limit of variation, and on this basis I have calculated the output 
of the four transformers above described. Curve 11. in fig. 6 
gives the result for the circular and oblong Gramme ring. It 
will be seen that with a stout core the limit of output due to 
heating is reached sooner than that imposed by the condition of 
self-regulation, whilst’ for thin cores the reverse is the case. 
The best proportion of iron to copper is indicated by the inter- 
section of curves m1. and 1. for the circular, and m1. and 2 for 
the oblong transformer. In the latter case the core would have 
to be 72 cm. in diameter, and the winding would have to be 
14cm. deep. The output is 5,900 watts. For the Zipernowski 
ring curve 111. gives the output as limited by self-regulation in 
the circular, and curve 3 in the oblong type. e diagram shows 
that the limit of output imposed by the condition of self-regula- 
tion is in all cases reached sooner than that due to heating. For 
the oblong transformer the maximum output is slightly below 
5,000 watts, and the best proportion of iron to copper is given b 
the abscissw of the highest point of curve 3. The external she 
would have to be 2°4 cm. thick, and the sectional diameter of the 
coils 52 cm. From the above figures it appears that in the 
circular and in the oblong type the Gramme ring, dimensioned 
as shown in figs. 2 and 8, gives more output than a Zipernowski 
ring of the same over all dimensions; the latter is therefore not 
superior to the Gramme ring, as commonly supposed, but some- 
what inferior. 

_It might be, perhaps, objected that I have selected proportions 
different from those found in actual circular shell transformers, 
which have a much stouter ring of smaller mean diameter. More 
of the internal space is filled by the shell, and the central hole 
left is much smaller than shown in fig. 3. The iron wire forming 
the shell is not put on in regular layers, but the turns cross each 
other in a more or less confused manner. There is no objection 
to such winding from an electrical point of view, as perfect insu- 
lation between the wires is of small importance. For the Gramme 
ring such winding would, on the other hand, be quite inadmis- 
sible; and .it is on this account that I have selected a somewhat 
larger internal diameter of the rings, which gives room for 
regularly wound coils. But even if the rings are much stouter 
their proportion of output is not materially altered. If we imagine 
the ring of fig. 3 contracted so as to reduce the central opening 
to 10 cm. and the extreme diameter to 32 cm., we obtain about 
the proportion of a Zipernowski transformer. 

For convenience of calculation I have assumed a ring of these 
proportions to be changed into the oblong type, as shown in fig. 8, 
but with this difference—that the external winding (coils or 
shell) on each side is only 15°7 cm. long instead of 31°4 cm. ; the 


diameter being 11 cm., as before. Calculating the output in the 
same manner as before, I find that for the core transformer the 
maximum output as limited by heating is 3,230 watts, and is 
reached when the copper winding is 2 cm. deep; whilst the maxi- 
mum output as limited by the condition of self-regulation (within 
2 per cent.) is 3,020 watts, and corresponds to coils wound 1 cm. 
deep. The two curves cross each other as in fig. 6, and the 
ordinate of the crossing point corresponds to a maximum possible 
output, as determined by the joint limit of heating and self- 
regulation, of 2,950 watts with coils wound 13 cm. deep. In the 
shell transformer the limit of output due to heating is 3,030 
watts when the shell is 2 cm. thick, and the limit of output due 
to self-regulation is 1,650 watts when the shell is 22 cm. thick. 
These figures show that even in stout rings, having proportions 
more nearly comparable with those of the Zipernowski trans- 
ve as actually constructed, the core type is better than the 
shell type. 

This result refers, however, only to transformers having a core 
or a shell of circular section; and the question is whether by an 
alteration in the form of the shell the shell transformer could be 
improved. Any departure from the circular form of the shell 
must increase the length of the magnetic circuit, and must so far 
be detrimental ; but if we can at the same time reduce the length 
of the copper coils, this disadvantage may be more than balanced 
by the reduction ‘in the resistance of the circuits. As a matter 
of fact, the magnetic resistance of the shell is so low that even a 
considerable increase in the length of the magnetic circuit does 
not materially affect the difference of phase between the primary 
and secondary current. The two are almost diametrically op- 
posed whatever may be the magnetic resistance. We can there- 
fore adopt any shape of shell which will allow the length of the 
copper coils to be reduced. This is actually done in most modern 
transformers. The shell is rectangular, with the short side of the 
rectangle parallel to the plane of the coils, and thus the mean 
diameter of the coils is reduced. In addition to this, the circular 
form of coils has been abandoned in several of the more modern 
transformers, so that the shell may fill more or less completely 
the interior of the coils. 

In core transformers as now generally made the coils are not 
arranged all over the core, but are disposed in two sets, one on 
each limb of a single core. Each set of coils contains a primary 
and secondary circuit wound upon each other, or one between the 
other, so as to obtain perfect symmetry. Were this not so, and 
were one limb wound with the primary and the other with the 
secondary, external poles would G formed at opposite points of 
the core, and the output would be reduced. In a similar manner 
the coils in shell transformers are wound upon or in between each 
other, but there is generally only one set of coils and a double 
core. ‘The distinctive characteristics of the two types are there- 
fore as follows :— 

Core transformers—one core and two sets of coils. 

Shell transformers—two cores and one set of coils. 

The following are some of the principal modifications of each 
type :— 

on transformers—Gaulard and Gibbs, Lowrie-Hall. 

Shell transformers—Zipernowski, Ferranti, Mordey, Wright, 
Kennedy, Statter, Westinghouse, Snell and Kapp, Gaulard and 
Gibbs. 

As most of these transformers are on the table, I need not 
describe them at length. ‘Che original Gaulard and Gibbs trans- 
formers had an open magnetic circuit, and cores which could be 
more or less inserted into the coils so as to regulate the E.M.F. 
of the secoudary—a provision obviously necessary where the 
transformers are coupled in series. In the apparatus shown in 
1883 at the exhibition in the Aquarium, there were four distinct 
induction coils ; and in that employed for lighting on the Metro- 
politan Railway in 1884 there were sixteen distinct induction 
coils, the circuits being formed by a compound cable ene of 
a central primary wire and six secondary wires grouped round it 
In 1885 was introduced a type of transformer with closed mag- 
netic circuit, in principle identical with that shown in fig. 8, but 
the two limbs further apart. In the same year Messrs. Gaulard 
and Gibbs introduced small shell transformers in their Tivoli in- 
stallation, each transformer feeding one 50 candle-power lamp. 
The two circuits are formed by a compound cable coiled into a 
solenoid, through which is passed a bundle of iron wires ; the pro- 
jecting ends are then bent over to close the magnetic circuit on 
the outside of the solenoid, and the whole is encased in a per- 
forated metal cylinder with wooden ends. In their latest design 
of transformer the coils are circular in plan and rectangular in 
section, and are surrounded by groups of U-shaped soft iron 
stampings slipped over from both sides and held together by two 
circular cast iron plates with a central bolt. The primary circuit 
is split up into two coils, with the secondary between them. 

In the Lowrie-Hall transformer there are two sets of primary 
and secondary coils, laid horizontally one above the other. The 
core is formed by thin broad sheets of soft iron insulated from 
each other by varnished calico, and the projecting ends of these 
plates are alternately bent up and down respectively so as to 
complete the magnetic circuit, the whole being clamped together 
in a horizontal cast iron frame. The Ferranti transformer is 
similar in the mechanical arrangement, but, belonging to the 
shell type, has only one set of coils of rectangular section. ‘The 
core is formed of thin iron strips of moderate width insulated from 
each other, doubled over at the ends, and clamped in a cast iron 
frame. Mr. Rankin Kennedy has devised various transformers of 
the shell type. For the general supply of alternating currents he 
proposes to use a main current transformer at the generating 
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station, in which currents from low-tension dynamgs are to be con- 
verted into high-tension currents to be sent into the mains. The 
shell of this transformer is built up of moderately wide but very 
thin strips, to form a rectangular frame of considerable depth, the 
strips being fastened by bolts at the corners. The core is com- 
posed of a series of strips of double width passing like a web 
through the middle of the opening of the rectangle, and thus sub- 
dividing it into two openings through which the winding passes. 
In another type, which Mr. Kennedy calls the “ Piled Form of 
Subdivided Transformer,” the iron portion consists of  stamp- 
ings, in which the central web forms the core and the two down 
strokes of the { the shell, the coils being wound over the web. 
A number of these wound frames are piled upon each other, and 
side by side, the whole being clamped between cast iron covers. 
Diagramaticaily, this construction can be represented by fig. 1_if, 
instead of employing . two links, we use a number of them 
formed into a chain consisting alternately of copper and. iron cir- 
cuits. In another form of apparatus Mr. Kennedy uses a Siemens 
shuttle armature overwound with a shell of iron wire. Mr. 
Wright’s transformer may be described as a Zipernowski ring with 
coils of rectangular section and a shell of rectangular iron frames 
instead of the original iron winding. Each frame is cut across a 
corner, so that it may be placed over the core; and as the edges 
are packed close on the inside, but radiate on the outside of the 
ring, the frames form gills for the dissipation of heat. In Mr. 
Mordey’s transformer* the shell consists of thin rectangular iron 
plates with a rectangular opening, the strip cut out being laid across 
the frame to form the core of the coils. The ratio in the length 
of the sides of the rectangle must evidently be as 4: 6, and that 
of the strip cut as 2:4, in order to obtain a uniform section 
throughout the magnetic circuit. ‘The apparatus is built 
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Fig. 9. 


up by alternately slipping a frame over and a strip through 
the coil. The core of the Westinghouse transformer con- 
sists of rectangular frames, each with a central webb con- 
nected tothe frame on one side only, so that it can be 


bent back to slip over the coils. The whole is mounted in a cast . 


iron weather-proof box for out-door use. The shell in Mr. Statter’s 
transformer consists of E-shaped stampings slipped over the 
voils alternately from either side. 'I'o obtain the same area of 


* Manufactured by the Anglo-American Brush Electric Light 
Corporation.—Eps. Rev. 


iron throughout, the width at the bottom of the stamping is twice 
that of the limbs. In the transformer designed by Mr. Snell and 
myself the shell consists of Uy stampings forming a double trough 
into which the coils are laid. The covers of these troughs are 
formed from the metal removed from the interior of the stamp- 
ings. ‘The whole is held together ina cast iron frame so arranged 
as to allow air to circulate through the core and round the 
coils. 

To render transformers perfectly safe it is necessary to avoid 
leakage between the two coils. For this purpose Mr. Kent has 
devised a very simple apparatus, consisting of an insulated sheet 
of metal wrapped round the inner of the two coils, but not forming 
a closed circuit in itself. This sheet of metal, which thus separates 
the two coils completely, is connected to earth. Now, if the insu- 
lation of the primary coil shonld fail, the leak, before reaching 
the secondary coil, must pass through the sheet of metal, and is 
thus conducted to earth, causing the primary cut-out to melt, and 
thus cutting the faulty transformer out of circuit. Another safety 
appliance has been devised by Captain Cardew. Its object is to 
disconnect the primary circuit from the mains if any part of the 
secondary circuit acquires a certain potential above that of the 
earth, which will take place if a leak occurs between the two 
circuits. The apparatus consists of a cast iron box, on the bottom 
of which is laid, into a shallow recess, a strip of platinum foil 
terminating at both ends in circular discs. About one-eighth of 
an inch clear above one of these discs is set a metal dise with 
screwed stem at the back passing through the glass cover of the 
box, and connected by a fine fuse wire with any point of the 
secondary circuit. 'The box itself is connected to earth. ‘The fuse 
wire holds back a contact spring so arranged that on breaking of 
the wire it will fly down to its contact and short-circuit the 
primary terminals of the transformer, after which its own primary 
tuse will melt and cut off the supply of current. If the potential 
between earth and the insulated disc in the box should rise above 
a certain limit (which can be regulated by screwing the disc up or 
down) the static attraction between the disc and aluminium foil 
lifts the latter into contact, allowing a leakage current to pass 
through the fuse wire of the contact spring, and thus releasing 
the latter. Iam told by Captain Cardew that this apparatus has 
been tried at the Grosvenor Gallery installation, and been found 
to act in a perfectly reliable manner. 

In the present paper I have only dealt with what may be called 
elementary principles in the construction of transformers. As, 
however, the application of transformers is a matter of far greater 
importance to our profession at large, I trust you will allow me 
to say a few words on this subject, not with the object of impart- 
ing information, but in the hope that a discussion of real practical 
value may be the result. Up to the present, distribution by 
transformers has been made either on the single-series or the 
single-parallel system ; compound parallel, the three-wire system, 
or any other refinement of direct supply methods, have, to my 
knowledge, never been attempted with transformers. The series 
system must fail for want of self-regulation where the lamps are 
to be connected in parallel and controlled independently of each 
other; but for very extensive and sparsely lighted districts, with 
the lamps supplied by each transformer in series on the Bernstein 
system, a series arrangement of transformers will admit of perfect 
self-regulation, provided the primary current be kept constant, 
and will, moreover, be cheaper than the parallel system. For 
general purposes, and especially for the dense lighting required in 
towns, the only practical method at present in use is to connect 
the primary terminals of the transformers all in parallel, and 
the lamps also in parallel, across the secondary circuit of each 
transformer. In principle this arrangement is adopted in Eng- 
land, America, and on the Continent ; but the methods differ in 
these countries. Here the distribution is made by a high-tension 
network of mains, and the transformer of each subscriber is 
directly connected with the mains. In America a double net- 
work of overhead mains is employed, one for the high-tension 
and the other for the low-tension currents. These mains are 
supported generally on the same poles, to which are also 
fixed the transformers, and the subscriber’s connection is made 
with the low-tension mains wherever convenient. On the 
Continent a network of low-tension underground mains is used 
for distribution in the same way as if the supply were on the 
direct system, and this network is fed by alternating currents at 
certain points where fairly large transformers are installed. ‘I'he 
primaries are connected with the station either by overhead wires 
or by a special kind of cable containing two circuits insulated 
from each other and arranged concentrically. The cable is pro- 
tected by a double lead covering and by an iron sheath formed of 
spirally wound tape. Of the three methods here described our own 
appears to be the worst, the American slightly better, and the 
Continental the best. To string high-tension wires over and 
across our streets, allow high-tension branch leads to pass into our 
houses, and give every subscriber a little transformer to himself, 
more or less within the reach of the inmates, seems to me to be 
positively courting disaster. Such rough and ready methods may 
do as long as the light is not generally installed throughout a 
district ; but once assume that every householder is using it (and 
it is that we are hoping for), the thousands of branch wires and 
transformers in the houses must constitute a very serious element 
of danger. In the American plan the high-tension wires are not 
brought into the houses, and in so far there is little danger to the 
inmates ; but of course in the streets there is the same danger as 
here from the overhead wires. 

Now the Continental plan may almost be called absolutely safe. 
With an arrangement like Mr. Kent’s dividing sheet to prevent - 
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leakage, or Captain Cardew’s ingenious tus for detecting it 
and cutting off the su ly, the secondary circuit can never ~—— 
a potential sufficiently high to endanger life or property. i 
network can be com of com tively light cables, because 
we can feed it at frequent intervals and thus insure constancy of 

ressure at all places and at all hours. The transformers would 
= fairly large—say from 500 to 1,000 lights each—and could be 
installed in rooms to which no person but the authorised attendant 
has access; and by placing the primary feeding mains also under- 
ground accidents would be rendered almost impossible. The 
method of using an underground secondary distributing network 
has also the advantage that, should at any future time storage 
batteries become sufficiently improved to render distribution by 
continuous currents possible, the whole of the cables would be 
available for this purpose without any change. 


Mr. J. Kennetu D. Mackenzie, Member, then read a paper on 
“The distribution of Electricity by means of secondary generators 
or transformers.” 

One of the difficulties which arises in all transmissions of 
electrical energy is the conveyance of a current suitable at one 
and the same time for any and every class of receiver. Each 
receiver requires, in order to work under proper conditions, a 
current suitable to itself, which current must have the proper 
proportions of potential and quantity. Now as it is necessary, 
when the factor cf distunce is brought in, to increase the potential 
of the current in order to overcome the resistance due to that 
distance, it follows that receivers cannot be used which are not 
capable of supporting the particular current necessary to work 
them at an increased distance. In the transmission of the current 
for glow lamps the distance is determined by the resistance of the 
lamps. 


ps 

If it were a question what type of glow lamp is best, the reply 
would mainly be, that one whose resistance is the greatest—other 
considerations, of course, such as efficiency,—being equal. Should 
it be necessary to convey current for lighting purposes over a 
radius of several miles, the resistance then incurred would no 
longer be in proportion to the E.M.F. necessary to be employed. 
Likewise, in the transport of power over a given distance, if each 
motor corresponded to a certain construction, it would be 
necessary to modify and vary each one, according to its position 
from the main source. Lastly, if it were a question of trans- 
mitting electric energy to work at the same time arc lamps, glow 
lamps, and motors, the current suitable for one type of receiver 

' would not be adapted for the others; in other words, according to 
the nature of the receiver employed, so must be also that of the 
current. 

It was to overcome these most, serious difficulties which stood 
in the way of the practical development of electric lighting and 
transmission of power, that Messrs. Gaulard & Gibbs grasped the 
idea of interposing at the receiving point between the supply 
wire and the receiver, a supplementary apparatus or generator, as 
a transformer of energy, which would deliver to the receiver with 
which it was connected a current proper to such receiver. The 
secondary generators thus in a manner prepare and modify the 
current transmitted from the source, and give it the necessary 
proportions of potential and quantity which the particular 
receivers supplied by them require, in order to work at the 
highest point of efficiency. 

is idea in itself was not new when M. Gaulard commenced 
his experiments, Jablochkoff, Fuller, Sawyer-Man, Sir Charles 
Bright, and many others having previously striven to bring the 
matter to a practical issue ; but success did not crown their efforts, 
for the simple reason that the basis of all their experiments was 
the Ruhmkorff coil more or less modified ; and it was only when 
M. Gaulard came to the conclusion that induction apparatus 
constructed upon the theory founded by Faraday, and exemplified 
by Ruhmkorff, was unsuited for the purpose, that astep was made 
in the right direction. 


Fig. 1.—Orpinary RuumKorrr Type. 


The prihciples underlying transformers may be clearly seen 
by reference to figs. 1, 2,5, and 6, where what may be called 
the “Ruhmkorff and Faraday” type are shown, and the 
Gaulard type in . 8 and 4. 

In the figures illustrating ti:is paper “ primary” or inducing 
current wires are shown in black, and “ secondary ” or induced 
current wires by dotted lines. 

In the Ruhmkorff type the secondary is either superimposed 
upon the primary, as in fig. 1, or it is wound upon a core dis- 
tinctly separate from, though contiguous to, the primary, and is 


alone acted upon by the magnetic changes set up in the core, as 
in figs. 2,5, and6. It is for the present purposes immaterial 
whether the core is polar or non-polar. In the Gaulard type 
the secondary is placed in an identical position in regard to the iron 
core with the primary, and is thus acted upon both by the core 
and the primary or inducing circuit, as in figs. 3 and 4. This is 
one of the two principal features wherein the Gaulard-Gibbs 
transformer differs from all previous ones, the other principal 
feature being that the metallic mass of the two circuits is equal ; 
and in these two details of construction lies the secret of the 
success obtained by these gentlemen. 
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Fig. 5.—Fu.uer’s Type. 


Other improv-ments in the construction of these instruments— 
such as making them non-polar, increasing the mass of iron to 
prevent loss through saturation, and other details—came after- 
wards, though, from the number of ingenious minds directed 
towards the development of the system thus practically started, 
such results were only to be looked for; but the following suu- 
mary of what are now known as essential features in transformer 
construction may undoubtedly be ascribed to M. Gaulard :— 

1. The reduction to a minimum resistance of the primary and 
secondary ¢ reuits. 

2. The obtaining of a maximum coefficient of induction in the 
two circuits with a minimum in the dimensions and weight of the 
apparatus. 

3. The placing of the primary and secondary circuits in identical 
positions in respect to the core or magnetic field. 

4, The proportioning of the two circuits, primary and secondary, 
so that their metallic mass should be equal. 
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Given these essential features, necessary for the construction 
of an efficient instrument of electrical conversion, it is easy to see 
that the mere details of construction may be varied almost ad 
infinitum ; and such, it appears, is now the case. 


Fig. 6.—FuLuer’s Non-Potar Tyre. 


In the earlier type of secondary generator, such as was employed 
in the lighting of several stations on the Metropolitan Railway 
during the early part of 1884, the transformers were made of a 
wire cable (fig. 7) composed of a central core of No. 8 B.W.G. 
copper wire, insulated, and surrounded by six cables laid thereon, 
each containing 12 insulated strands of No. 24 B.W.G. This 
central No. 8 wire constituted the primary circuit, the 72 No. 24 
wires forming the secondary circuit. The cable thus formed was 
wound round a soft iron wire core, suitable terminals being pro- 
vided for connecting the primary to line and the secondary to the 
lamp circuits. As may perhaps be remembered, five stations 
were lighted, viz., Notting Hill Gate, Edgware Road, Gower 
Street, King’s Cross, and Aldgate, the generating plant being 
placed at Edgware Road Station. The primary conducting wire 
was about 15 miles long, and was formed of seven strands of 
No. 16, the current in the primary line being about 11°3 ampéres. 


Fie 8. 


These generators were fitted with brass shields to the cores, by 
the lowering or raising of which more or less of the cable was 
exposed to the influence of the cores, and thus enabled lamps of 
various potentials to be employed from one apparatus. It was 
principally the desire to show how the potential of each column 
could be’ varied which induced M. Gaulard to make his trans- 
formers of a polar form, it being afterwards decided to make 
them non-polar only when the exigencies of actual and perma- 
nent employment of the system on a practical basis required 
such a change. The advantages accruing from this form were 
of course apparent from the first, and the matter was the subject 
of much discussion between M. Gaulard and myself at that time. 

_ As is well known to electricians, the value of a current induced 
in a secondary circuit by one flowing in a primary depends prin- 
cipally upon the four following conditions of the primary :— 

1. The strength of the primary current. 

2. The rapidity. of the interruptions or alternations of the 
primary current. 

3. The number of spirals which compose the circuit traversed 
by the primary current. 

4. The number of spirals which compose the secondary circuit. 

The influence of the iron core upon the secondary current is for 
the present neglected. 

In the first condition above given, the secondary current in- 
creases as the square of the ampére value of the primary ; and in 
the second it increases directly with the number of alternations or 
interruptions of the primary. 

Conditions 3 and 4 affect the potential of the secondary circuit. 
It would hence appear advantageous to employ a large ampére 
primary current with a fewer number of alternations, since in 
the first case the generation of an induced current would be pro- 
portional to the square of the inducing current, and in the second 
case only directly proportional ; but bearing in mind the formula 

w= 

¢ should not be greater than is consistent with practical efficiency. 
On the other hand, should the factor, c, be kept low, an increase 
of secondary energy would have to be obtained by increasing the 
number of alternations, and this might bring about loss through 
heating in the iron core round which the two circuits are formed 
i the secondary generator, and therefore it is necessary to 
establish a relative proportion between each of these factors. 

The multiple-cable form of transformer first used by Gaulard 


was discarded for one in which dises of copper of the form shown 
in fig. 8 were employed in some cases for both primary and 
secondary circuits, and many of these are still in use. The great 
advantage that resulted from this form of conductor was that 
each turn of either circuit was directly upon the insulated core, 
and that no superimposed layers involving loss through mutual 
induction between the spirals were necessary. 

This question of mutual induction in superimposed layers of 
wire, one with another, is of importance, as it is easy to see that 
since each wire through which an alternating current is flowing 
serves as a medium for inducing a current of an opposite direction 
in the one next to it, which consequently acts against it and 
against the third or succeeding one, and so on throughout the 
series, a loss is bound to result. 

Transformers, like other electrical instruments, can be connected 
in several ways, but the only two that need claim notice are the 
series and parallel methods of connection. So much has been said 
and written upon this subject of late, and such peculiar state- 
ments made, that I deem it advisable here to make a few remarks. 

When Messrs. Gaulard and Gibbs first exhibited their system 
at the Westminster Aquarium, in the beginning of 1883, only one 
transformer was there shown at work, and this one was conse- 
quently either in parallel or series with the dynamo. The advan- 
tages which would have resulted were a series system of connec- 
tion possible being so apparent, M. Gaulard inclined more to this 
method of working, and used his best endeavours towards arriving 
at a successful result. He knew the impossibility of directly 
maintaining a constant potential in a secondary circuit whose re- 
sistance was being varied whilst the current in the primary was 
kept constant (an essential feature in series working), and there- 
fore strove so to construct his apparatus that the action of the 
core upon the two conductors should vary with the alterations of 
resistance in the secondary. This he did by altering the position 
or exposing more or less of the core, and some attempts were made 
to effect this automatically. 

As has been before said, the value of the secondary circuit 
varies directly with the square of the current in the primary, and 
directly with the number of turns; other considerations, such as 
the magnetic influence of the core and the number of current 
alternations, being constant. 

The E.M.F. of a secondary circuit, however, is dependent upon 
another important factor, namely, the resistance to which it is 
opposed; and the following table of experiments made by M. 
Uzel, and published by Prof. Galileo Ferraris in his report to the 
Jurors of the Turin International Exhibition, 1885, shows the 
increase of secondary E.M.F. with increase of resistance. It will 
be observed that the current in the secondary falls at the same 
time. 


Primary. Secondary. 


where A = ampéres in primary, v = potential at poles of generator 
primary, a! = ampéres in secondary, v' = potential at poles of 
secondary, R = resistance in ohms of the outer part of the 
secondary circuit. 

It will thus be seen that the resistance in the secondary forms 
an all-important factor when designing apparatus for producing a 
required result; and a long series of experiments has established 
¢ certain ratio to be observed in order to obtain the effect sought 

or. 

Experimentally it was found that with a certain current in the 
primary circuit of a given number of spirals or turns a certain 
electromotive force was obtained in the secondary with a given 
resistance, and upon these data the construction and design of 
apparatus employed as series transformers were based. 

The work done by the primary current when traversing a 
number of generators is proportional to the resistance offered by 
these generators, or, in other words, by the counter E.M.F. 
opposed to the primary current by the secondaries. This neces- 
sarily is proportional to the number in use, and also proportional 
to the individual resistance of each secondary. 

It can therefore be seen that the total energy of the primary 
current varies directly with the amount of work done by the 
secondary circuits of the generators, thus enabling complete 
economy in working to be obtained. 

The economy resulting from this system of working in series 
would be substantial were it also possible to ensure constancy of 
potential at the same time between the poles of the secondary 
with a varying resistance in that circuit. The difficulty is, that 
the E.M.F. increases in the same ratio as with the resistance ; 
and this, consequently, points to the fact that transformers, when 
connected in series, must supply lamps also in series, or, in other 
words, the external secondary circuit must diminish in resistance 
as the lamps are turned out, instead of increasing, as is the case 
when the lamps are in parallel. More than two years ago I made 
some experiments upon this subject with Mr. Bernstein, the results 
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being perfectly satisfactory so far as regulation went. Another 
way out of the difficulty, if series transformers and lamps in 
parallel are to be used, is by the employment of subsidiary resist- 
ances, or “ choking coils,” as they are called, which take the place 
of the lamps when turned off. Fig. 9 shows this in a theoretical 
diagram. 


| 


Fic. 9.—Suarr & Kent’s Cuoxina 


With series transformers and series lamps, all danger from fire 
risk is reduced to a minimum. No main fusible cut-out at the 
transformer secondary poles need be used ; for, as has been before 
said, if a short-circuit occurs, the potential immediately drops, so 
that the flow of current is consequently that due to the resistance 
of the secondary helix, including the short-circuit. I have 
frequently run series transformers on short-circuit, and no heat- 
ing has resulted, the potential at the terminals being imper- 
ceptible on a voltmeter, whilst the current indicated by an 
ammeter in the short-circuit was solely that due to the resist- 
pore of the ammeter and the secondary circuit of the transformer 
itself. 

Another difficulty that lies in the way of working transformers 
in series is that experienced in maintaining a constant current on 

.the line ; and although many attempts have been made to do this 
automatically whilst employing alternating-current machines, no 
great success has as yet been attained. 

Having briefly reviewed the system of working transformers-in 
series, and shown the objections inherent to that method, I will 
now refer to the parallel system—upon which all present installa- 
tions are based—treating the subject in as practical a manner as 
possible. 

At the outset one important feature, inseparable from all 
parallel systems of transmission of energy; may be mentioned, 
especially since it shows how, by the use of transformers, difficulties 
may,easily be surmounted. 

This is that the fall of potential along a line varies in pro- 
portion as the current is increased when changes are made in 
the load. The difference of potential between the source of 
supply and the extremity of the line is small when the current 
is small, but very considerable when a heavy current is used: 
and consequently, if the lamps near to the source be kept at a 
constant pressure, those far off will vary according to the inter- 
mediate load. In direct working this objection can only be met 
by employing a conductor of such sizeas will render the resistance 
of that conductor of no account, but then all considerations of 
economy will have to be abandoned. 

This difficulty has been experienced in all large direct-supply 
works, since the fall of potential depends upon the ratio that 
the amount of loss on the line itself bears to the maximum 
amount of work carried by the line, this in many cases being 
quite 20 per cent. By employing a high potential, however, the 
current to represent a given amount of energy may be so reduced 
that this ratio may be made as low as 1 per cent., per mile; and 
consequently transformers in parallel are capable of maintaining 
practically the same potential in their secondary circuits; 
irrespective of their position upon the line, or of the variation of 
the load at intermediate points. The following figures may 
make this matter clear :— 

Suppose a dynamo giving an output of 150,000 watts, equal to, 
say, 1,500 ampéres and 100. volts. If the conductor be proportioned 
so that one square inch of sectional area be used for every 1,000 
ampéres, the size of the conductor necessary will be 1°5 square 
inches. This conductor having a resistance of about ‘028 ohnis 
per mile (neglecting heat resistance), the loss per mile on the 


ne will be 1500? x +928, or 63,000 watts—equal to about 42 - 


per cent. of the total output of the dynamo per mile. 

By the use of transformers, however, the same energy could 
be transmitted over the same distance with a very different 
percentage of loss. The output being 150,000 watts, may be 
represented by a current of 50 ampéres and 3,000 volts. The 
resistance of a cable required to carry this current, calculated on 
the same basis, would be about ‘864 ohms per mile, and the loss, 
therefore, would be 50° x ‘864, or 2,150 watts—equal to about 
1:4 per cent. of the total load per mile. 

These figures merely serve to show one of the enormous 
advantages that are reaped by the employment of transformers 
> ae distribution of large amounts of electricity over great 

ces. 


With regard, now, to the practical working out of a system of 
supply based upon parallel transformers, I will endeavour to 
show what has hitherto been done, the methods employed, and 
the results obtained. 

The dynamo here claims our first attention, and, being the 
generating source of supply, forms, perhaps, the main feature in 
an electrical installation. In the first place, it must necessarily 
be of what is known as the alternating type. Up to very lately 
this class of machine had in this country received but a small 
amount of attention; now, however, since the transformer system 
has become known and appreciated, several makers have gone 
into the subject, and many marked improvements have resulted. 
One of the chief of these is the employment of iron in the 
armature, and such good results have been obtained by making 
the mass of iron very considerable in both armature and field, 
that this plan is now regularly adopted. One of the most 
important points in this class of machine is self-regulation, more 
especially with regard to small variations in potential; the 
changes of load occurring on a supply system, which produce 
extensive alterations in the external resistance of the circuit, and 
consequently large variations in potential, being easily met in 
other ways, such as by the introduction, either automatically or 
by hand, of resistances into the exciting circuit, or by varying the 
speed of the machine itself. As much as 2 volts per foot of wire 
may be obtained from the armature of a dynamo without any 
very considerable speed; and it is of importance to get this 
amount, if not more, when we remember that the magnetisiny 
effect of the current in the armature coils, as well as the amount 
of self-induction, is proportional to the number of turns in th. 
coils. Now, since both are objectionable when amounting tv 
much, high E.M.F. and steadiness of potential may be obtained 
by greatly increasing the mass of iron, so that half saturation is 
never exceeded. Some very large alternating-current dynamos 
are now in use in this country, probably the largest being those 
by Ferranti, employed at the Grosvenor Gallery Central Station. 
Others, by the same maker , are now in hand for the new 
supply works of the London Electric Supply Corporation, Limited, 
at Deptford, whose dimensions appear rather formidable. Their 
armatures are to be, I understand, about 42 feet in diameter, and 
will be driven direct from quadruple expansion compound 
surface-condensing engines of a marine type, indicating 5,000 
H.P. each. 

A type of alternating-current dynamo is shown in figs. 10 and 
11, which, though founded on a system previously known and 
patented, has lately been altered so as to render it workable and 
efficient by Mr. Kingdon, who, early in 1886, submitted to me his 
ideas upon the subject. Those who had previously worked in the 
same direction had failed to make a serviceable machine from 
having overlooked the importance of laminating all the iron acted 
upon electrically, as well as other minor details requisite to make 
the idea practicable. 


Fig. 10.—Kinepon’s Dynamo. 


A series of bobbins, whose cores form parts of one whole con- 
tinuous iron structure made of laminated soft iron plates, are 
divided into two divisions: one of these is rendered magnetic by 
separate excitation, and is shown in the figure by black lines ; the 
ether, as shown by dotted lines, is acted upon inductively by the 
revolving laminated inductors, which may form part of the fly- 
wheel of an engine. It will be seen that if the black bobbins be 
coupled up and excited they will each have an alternate polarity, 
and that if an iron armature or inductor be placed across the pole 
of one of these bobbins and the pole of the next non-excited 
bobbin, a current will be set up in the wire forming this second 
bobbin, which current will tend to make its core of an opposite 

larity to the one next it, and which is joined with it by the 
inductor. As the revolving inductor alternately connects the 
induced bobbin with its neighbours, each of which has an opposite 
polarity, it follows necessarily that the current that will flow in 
the induced bobbin will be alternating. ’ 

I would draw your attention here to one striking feature in 
this machine, viz., that the same mass of iron serves both for the 
field magnets and the secondary coils, these all being, so to speak, 

rolongations or teeth of the iron mass. A series of alternate 
bbins, excited and not excited, if magnetically connected in this 
manner by revolving inductors, will yield a current from those 
bobbins not separately excited, which current will depend for its 
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value upon the strength of the magnetic field due to the excited 
bobbins, the size of the induced bobbins, the quantity and 
dimensions of the wire thereon, and the speed at which the in- 
ductors revolve. 

Experiments made with a dynamo of this nature have so far 
given very good results, some of the main advantages that may 
be claimed for such a type of generator being that there is no 
revolving or moving wire, no collectors and consequently loose 
contacts; that the machine may be divided into separate 
circuits, which, by means of a switch-board, can be easily varied ; 
and, lastly, that very great simplicity of construction, and con- 
sequent low cost, is obtained. The fly-wheel of the engine may 
carry the inductors, and as this can easily be made of very great 
size, slow-running machinery may be employed, with its conse- 
quent advantages. 


In designing supply works for electric lighting on a large scale, 
I am of opinion that the employment of afew very large dynamos, 
instead of a larger number of smaller ones, is a mistake, and that, 
generally speaking, the output from each dynamo should not 
exceed 10 per cent. of the total capacity of that particular station. 
In all running machinery, be as careful as one may, acci s will 
happen ; hot bearings will, when least expected, occur ; ith 
a heavy load on an engine running under such condition ious 
damage may be caused, whilst, if a stoppage be made, a “very 
heavy proportion of the total output will be affected. It is true that 
with a larger number of small engines the initial cost is greater, 
the depreciation greater, maintenance and attendance more 
costly ; but, nevertheless, I am inclined to think that these dis- 
advantages are more than counterbalanced by the greater security 
gained in subdividing the producing plant to a larger extent, 
especially when it is remembered how important it is in works of 
this nature that no breakdown in the supply should occur. 

It may be well to remark here that it has been found quite 
practicable to couple alternating-current machines in parallel, so 
as to throw them in and out of circuit whilst current is on the line. 


Messrs. Zipernowski effected this some while ago, J find that 
the Westinghouse Electric Company also machines 


thus. Practically speaking, all that is necess td synchronise 
the dynamos, and whilst their alternations a = synchronous 
they can be coupled together or disconnected &t will. 

I cannotspeak from much experience myself on thi@ subject, 
having only experimented with some of Mess Siemens’s 
machines. I found, however, that whilst it was possible to syn- 
chronise them and couple them in parallel, yet the slightest thing 
would throw them out of gear, if I may so speak, and destroy the 
balance. Even a small piece of waste falling on the belt was 
sufficient to do this. 

With dynamos, however, having a large mass of iron in the arma- 

ture, I believe it to be much more easy to couple them together, 
and this may be the reason why others have had more success than 
myself. The subject is an interesting one, and of great import- 
ance, I think, in large central stations employing alternating cur- 
rents and transformers. 
_ Until some practical means of electric storage, suitable for 
installations of this nature, be devised, the whole question of 
electrical distribution cannot be said to be completely solved. In 
gas works plant can be laid down which will continually produce 
gas, which can be stored and drawn upon during the few hours in 
which the demand is greatest ; but with electric lighting, if carried 
out on a large scale upon this system, it is necessary to furnish 
plant capable of meeting the maximum demand, although such 
demand may only exist during one hour in the 24. This 
necessitates the machinery standing idle during a part of the 
day, and consequently loss through unprofitable employment of 
capital ; hence it is most essential that due care and forethought 
be exercised in arranging the number and sizes of engines and 
dynamos in any specific installation. 

‘T'wo points now claim our attention, as they bear directly upon 
the question of the dynamo. Shall this yield a current of the 
potential required in the supply mains? in other words, shall it 
be a high-potential and small-current dynamo, or shall it be one 
which gives out a large current at a lower potential? In the 
latter case it will be necessary to pass this current through a 


transforiner which will convert the electricity supplied into its 
required proportions, or, in other words, will raise the potential 
and diminish the current. In actual practice I do not believe 
that this application at present exists. I had the advantage of 
discussing the matter thoroughly in 1884 with Dr. Orazio Lugo, 
of New York, when he was in this country watching the early 
experiments of Messrs. Gaulard and Gibbs on the Metropolitan 
Railway, and we made some experiments which led me to con- 
sider such an arrangement advisable in certain cases, and I have 
no doubt that before long it will be put into use in certain 
installations now in contemplation. The arrangement is shown 
‘in fig. 16, where, however, two such main transformers are seen 
coupled together, so as to supply current upon a three-wire 
system. 

I am inclined to believe that this employment of potential- 
raising transformers, even with their attendant loss in the trans- 
formation of the energy, offers advantages over direct working, 
since the cost of construction of low-potential dynamos is less than 
that of high ones, and greater reliability may be obtained, as well 
as more perfect control over the supply into the mains. 


Fig. 15. 


Upon this subject, however, makers of alternating current 
machines may be able to enlighten us more fully, as the questions 
involved apply more directly to details of construction in the 
dynamos. ‘These main transformers can of course be equally 
applied, whether the other transformers be connected in parallel or 
series upon the supply mains. 

We will now turn our attention to the mains connected to the 
primaries of the transformers supplying them with current for 
transformation, as well as those delivering the current from the 
secondaries. I usually term the former “supply mains,’ and 
those which run from the secondaries into the lamp or other 
receiving system “ distributing mains,” and as such I will herein- 
after continue to refer to them. 
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Figs. 12, 13, 14, and 15 show theoretically various methods of 
connecting transformers to the supply mains. 

Fig. 12 shows one transformer in parallel arc to the supply 
mains supplying lamps in‘parallel. 

Fig. 13 shows two transformers coupled together in parallel, 
and also in parallel with the supply mains, their secondaries 
being also joined in parallel to the lamp circuit. : 

Fig. 14 shows several transformers in parallel, their secondaries 
being also all united in parallel, thus forming a network system 
of distributing mains. 

Fig. 15 shows a three-wire system of distribution, the dynamo 
having two circuits, and the transformers being placed in parallel 
across each of the two sets of supply mains. These mains would 
of course be calculated upon the same lines as if an ordinary 
direct-supply three-wire system were being erected. 


Fig. 16. 


I do not know whether this application exists in practice, 
but it would offer advantages in many ways ina large under- 
taking. 

(To be concluded.) 


Physical Society, February 11th, 1888. 


ANNUAL general meeting, Dr. J. H. Guapstone, F.R.S., Vice- 
President, in the chair. 

The Cuarrman read the report of the council for the past year, 
and expressed regret at the losses the Society had sustained by 
the deaths of Dr. Stewart (their late President), Prof. Kirchoff, 
Mr. Coutts Trotter, and Prof. Humpidge. The council regret 
that no increase of members has taken place during the past year, 
and hope that the advantages offered by the Society may be more 
fully appreciated in future. 

Obituary notices of Dr. B. Stewart, Mr. Coutts Trotter and 
Prof. Humpidge were then read. 

The treasurer’s report shows that the financial condition of the 
Society is very satisfactory. 

On the motion of Mr. Lanr Carrentrer, seconded by Mr. 
Inwagps, the reports were adopted. 

The following gentlemen were elected members of countil for 
the present year :—President : Prof. A. W. Reinold, F.R.S. Vice- 
Presidents : Dr. E. Atkinson, Prof. W. E Ayrton, F.R.S., Shelford 
Bidwell, F.R.S., and Prof. H. McLeod, F.R.S. Secretaries: Mr. 
Walter Baily, M.A. and Prof. J. Perry, F.R.S. Treasurer: Prof. 
A. W. Riicker, F.R.S. Demonstrator and Librarian: Mr. C. V. 
Boys. Other members of Council: Hon. R. Abercromby, 
R. H. M. Bosanquet, M.A., W. H. Coffin, Conrad W. Cooke, Prof. 
F, Fuller, M.A., W. N. Shaw, M.A., A. Stroh, Prof. 8. P. Thomp- 
son, D.Sc., H. Tomlinson, B.A., G. M. Whipple; B.Sc. 

On taking the chair the new Prestpent expressed his sincere 
thanks for the great honour the Society had conferred upon him. 

Prof. FULLER proposed a vote of thanks to the Lords of Com- 
mittee of Council on Education for the use of the rooms and appa- 
ratus of the Normal School of Science, which was seconded by Mr. 
and passed unanimously. 

A cordial vote of thanks to the council and officers of the past 
year, moved by Dr. BuarxiEy and seconded by Prof. Ramsay, was 
be. § acknowledged by the Presrpent. A similar vote, pro 
by Mr. Bosanquert and seconded by Mr. Happen, to the auditors 
for the past year was passed unanimously. 

The meeting was then resolved into an ordinary science 
meeting at which the following papers were read: “ On the Limit 
of Refraction in Relation to Temperature and Chemical Composi- 
tion,” by Mr. T. PenHam Date. “Note on the Use of the Term 
‘ Resistance’ in the description of Physical Phenomena,” by Mr. 
R. H. M. Bosanquer. The author considers that the term 
“ resistance’ may be conceived of quite generally as the ratio 
of cause to effect, and that the fact of this ratio not being constant 
for magnetic circuits, is no reason why the term “magnetic 
resistance ” should be discarded. He maintains that the objec- 
tions to the employment of the term have been founded on the 
assumed requirement of identity instead of analogy between the 
affections of different subjects, and cannot be sustained; and 
that the employment of the term “resistance” in the above 
manner leads to some remarkable analogies which go far to 
justify independently the use of “magnetic resistance.” 


Physical Society of Glasgow University. 


An ordinary meeting of this society was held on Friday evening, 
the 10th inst., Mr. Maclean, President, in the chair. Mr. Thomas 
Gray, B.Sc., exhibited and described an improved apparatus for 
the determination of the intensity of the horizontal component of 
the earth’s magnetic field. ’ 

In this apparatus, a magnetometer, consisting of a small mag- 
netic needle about 1 cm. in length, mounted in a light aluminium 
frame carrying a small mirror suspended in a vertical glass tube 
fixed to a wooden base plate, is supported on a light but rigid 
wooden frame, which is capable of turning round a vertical axis. 
Two deflector magnets mounted on suitable stands are carried by 
a strip of thick glass, which turns round the same vertical axis in 
such a way that the deflectors are always on opposite sides and at 
equal distances from the magnetometer needle. The method is, in 
principle, the same as that of Gauss, and the apparatus is a more 
perfect form of that described by Mr. Gray in the Phil. Mag. for 
December, 1885; the sine: method being adopted in this case 
instead of the tangent method as described in the paper just re- 
ferred to. 


NEW PATENTS—1888. 


20. “The entire or partial propulsion of bicycles, tricycles, 
and velocipedes by means of electro-motors worked by primary 
batteries.” J. Suerrin, J. V. SHerrin. Dated January 2. 
(Complete.) 

39. “ An improvement in voltaic batteries.” E.Tyier. Dated 
January 2. 

40. ‘ An improvement in electrical block indicators for rail- 
ways.” E.Tyuer. Dated January 2. 

41. “ An improvement in voltaic batteries.” E.TyLer. Dated 
January 2. 

50. “ Improvements in ships’ lights in connection with ships’ 
mechanical or electrical telegraph systems.” D. J. Moran. 
Dated January 2. 

56. “ Improvements in the manufacture of the incandescing 
portion or luminant of incandescence electric lamps.” J. Y. 
Jounson. (Communicated by T. Mace.) Dated January 2. 

80. “ Electro-mechanical automatic apparatus for the sale of 
merchandise.” J. R.THame. Dated January 3. 

100. “ Improvements in and relating to apparatus for gene- 
rating electricity.” H. H. Lake. (Communicated by W. 
Humans.) Dated January 3. (Complete.) 

112. “Improvements in incandescence lampholders and 
switches.” H.F.Jort. Dated January 4. (Complete.) 

115. ‘“ Improvements in the insulation of electric appliances.” 
S. W. Baynes. Dated January 4. 
121. “ Electric tree tubs.” 
S. Horsrietp. Dated January 4. 

137. “ Improvements of the apparatus for producing inducted 
electric streams in the same direction.” J.C. Purruner. Dated 
January 4. (Complete.) 

155. “ Improvements in or relating to electrical turnstiles.” 
A. J. Boutr. (Communicated by O. Ehrling.) Dated January 4. 
(Complete.) 

208. ‘ Improvements in the utilisation of waste products from 
electrical batteries.” O.C.D. Ross. Dated January 5. 

224, “ Improvements in electric incandescent lamps.” E. Boum, 
Dated January 6. 

225. ‘An improved portable electric battery for miners’ and 
other lamps.” H. Assort, J. Douctas. Dated January 6. 

227. “ Improving telephonic exchange magnetos or electricity 
generators.” J.S. Lewis. Dated January 6. 

242. “ Improvements in electrical measuring instruments.” 
J. H. Davies. Dated January 6. 

249. “ Improvements in electric meters or apparatus for measur- 
ing registering electric currents.” J. F. Roz. Dated Janu- 
ary 6. 

293. “Improvements in alternating current dynamo-electric 
machines.” T. Parker. Dated January 7. 

295. “ A newor improved electric meter.” T. Parker. Dated 
January 7. 

296. “ Improvements in switches for electric circuits.” TT. 
Parker. Dated January 7. 

302. “ A new or improved electric meter.” T. Parker. Dated 
January 7. 

366. “ Improvements in electric arc lamps.” C. D. Ase. 
(Communicated by Siemens and Halske.) Dated January 9. 

396. ‘‘ New or improved apparatus for converting alternatiny 
currents of electricity into continuous currents.” J. G. Lorrarn. 
Dated January 10. 

416. “ Electrical measuring instruments.” 
Dated January 10. 

424, “ New or improved apparatus for converting alternatipy; 
currents of electricity into continuous currents.” J. G. LorRatn. 
Dated January 10. 

472. “Improvements in apparatus for treating sewage and 
other impure liquids by electrolysis.” W. Wessrer. Dated 
January 11. 


W. Hogsrietp, H. Hissert, 


J. H. Tucker. 
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506. ‘ Improvements in the construction of suspension fittings 
for incandescent electric lamps.” C.M. Dorman, R. A. Suir. 
Dated January 12. (Complete. 

607. “ A repetition and controlling signal telegraph.” E. Bera. 
Dated January 12. 

531 ‘ Improvements in and, means or apparatus for and con- 
nected with the generation, distribution, measurement and control 
of electricity.” H. Epmunps. Dated January 12. 

649. “Improvements in dynamo-electric generators and 
motors.” J. Buacksurn. Dated January 13. 

684. ‘“ Improvements in the method of, and apparatus for 
supplying electric railways or tramways with electricity.” W. L. 
Mapgen. Dated January 13. 

609. ‘ Improvements in apparatus for determining the poles 
of electrical circuits and generators of electricity.” A. Brra- 
HaUseN. Dated January 14. : 

623. “ Improvements in thermo-electric elements and piles.” 
R.J. Gutcner, Jutivs Pintscn. Dated January 14. 

633. “Improvements in dynamo-electric machines.” C. 
CoERPER. Dated January 14. 

664. “ An electrical lamp for bicycles, tricycles, and other 
carriages.” F.J. Lovett. Dated January 16. 

698. ‘“ An improved holder and switch for electric lamps.” 
R. Corntuwaite. Dated January 17. 

713. ‘ Improvements in voltaic or galvanic batteries.”” THro- 
pHILus Coap. Dated January 17. 

718. ‘ Improvements in self-acting electric batteries or gene- 
rators in which the liquids are automatically renewed.” E. 
Gurton. (Communicated by M. Sappey.) Dated January 17. 

727. “ Improvements in thermo-dynamo electric machines.” 
R. Kennepy. Dated January 17. 

729. “ Improvements in electric batteries and elements there- 
for.” D. Urquuart. Dated January 17. 

734. ‘ Improvements in galvanic batteries.” J. Noap. Dated 
January 17. 

742. ‘ Improved apparatus for tanning hides and skins by the 
aid of electricity.” L.A. Dated January 17. 

750. “ Improvements in and relating to electric railways and 
to vehicles for use thereon.” H. H. Lake. (Communicated by 
D. G. Weems.) Dated January 17. 

789. “Improvements in the construction and application of 
transformers for the distribution of electricity for lighting and 
other purposes.” J. A. Kinapon. Dated January 18. 

791.“ Improvements in junction boxes for electric conductors.” 
R. A. Scorr. Dated January 18. 

804. “ Improvements in electric clocks.” M. PuLvermMann. 
(Communicated by C. Bohmeyer.) Dated January 18. 

873. “ Electric igniting apparatus.” L. Hen, R. WeInMANN. 
Dated January 19. 

874. “ Improvements relating to the repair of electric incan- 
descent lamps.” F. H. Jupson, W. J. Woopwarp. Dated 
January 19. 

924. ‘ Improvements in measuring and recording apparatus.” 
J.G. Lorrain. Dated January 20. 

925. “ New or improved measuring and recording apparatus.” 
J.G. Lorrain. Dated January 20. 


932. “ Improvements in the construction of portable primar 
batteries adapted to medical and other appliances.” R. H. 
Tromas, B. W. Warwick. Dated January 21. 


933. “Improvements in contact regulators for electric 
clocks.” F,. BossHarpt. (Communicated by L. Bouchet.) Dated 
January 21. 

980. “ An improvement for the construction of electric battery 
cells for lighting or other purposes.” W. Batcn. Dated 
January 21. 


981. “ Improvements in electric call signal apparatus.” C. 
Spratt. Dated January 21. 

984. ‘ Improvements in controlling railway signal levers by 
the application of electricity.” Da’ 
January 23. 

985. “ Improvements in interlocking apparatus for railways.” 
W. F. Dated January 23. 

1009. “ Improvements in dynamo-electric machines.” J. H. 
Davies. Dated January 23. 


1016. “ An improvement in electrical transforming appa- 
ratus.” A.M. Taytor. Dated January 23. 

1024. ‘ Improvements in and connected with electric coils.” 
L. 8S. M. Pyxe, H. T. Barnerr. Dated January 23. 

1029.‘ Improvements in rotary.galvanic batteries.” A. Wun- 
DERLICH. Dated January 23. 

1055. “ An electric safety apparatus.” R. J. Jones, A. 
Wricut. Dated January 24. 

1078. “ Improvements in switches for making and breaking 
electrical circuits.’ S. Brramann, J. T. Dempster. Dated 
January 24. (Complete.) 

1100. “ Improvements in electrical brazing and soldering.” 
G. Downinc. (Communicated by E. Blass, of Germany.) Dated 
January 24. 

1105. “ Improvements in the means or appliances for treating 
sewage by electrolytic action and for disposing of the deposits 
thereof.” W. Wepsrer, jun. Dated January 24. 


1128. “ Improvements in galvanic batteries.” A. A. Fortin. 
Dated January 25. . 

1173. “ Improvements in electric induction apparatus.” B. 
ScueirHaver. Dated January 25. 

1177. “ Improvements in means for supporting or suspending 
elements in electric batteries.” E. E. Manpevitir. Dated 
January 26. 

1210. “ Reversible chlorine batteries.” E.ANprEou. (Com- 
municated by P. A. Fichet and A. L. C. Nodon, of France.) Dated 
January 26. 

1243. “ An improved portable electric lamp.” HH. Lucas, 
E. E. Vauauton. Dated January 27. 

1250. “ Animproved water wheel for driving electric generators, 
and its combination with, or application to such generators.” 
M. Imuiscu. Dated January 27. 

1254. “ Improvements in forming metallic connections with 
incandescent lamps and holders therefor.” J. Spink, C. Gav- 
ZENTES. Dated January 27. 

1364. “ Electric lighting for railway and other carriages.” 
F. J. Martin. Dated January 30. 

1383. “ Electric apparatus for use either as an electro-motor or 
as an electric current meter.” F. Borer, E. Paccaup. Dated 
January 30. 

1386. “ Improvements in telegraph insulators and appliances 
for suspending wires on ewrial telegraphs.” G.Fow ter. Dated 
January 30. 

1406. “ Improvements to and in connection with electric time 
signalsor alarums.” M. Turton, 8. Turron. Dated January 31. 

1461. “ Improvements in applying metals to metals by electric 
action or electric fusion, applicable more especially to obtaining a 
rough hard surface or surface of a character other than that of 
the metal to which the said surface is applied, but applicable, in 
other cases where metals can be joined to metals by electric action 
or electric fusion.” R. K. Borie. Dated January 31. 

1505. “ Improvements in the construction of electric brushes 
for curative purposes.” M. McMuuuin. Dated February 1. 

1525. “Improvements relating to the distribution of elec- 
tricity.” L. E. Sonianac. Dated February 1. 

1536. “ Magnetic and electric telephone and telegraph for 
transmitting and receiving musical vibrations or signals by means 
of electricity.” J. Barrye. Dated February 2. 

1557. “ Improvements in duplex telegraphy.” F. Jacors, 
Dated February 2. 

1681. “ Improvements in electrical appliances and apparatus 
connected therewith.” W.'T. Gootpen, L. B. Arkinson. Dated 
February 4. 

1798. “ Improvements in telephonic transmitters.”’ T. Laurie. 
Dated February 7. 

1835. “ Improvements in the construction of apparatus for 
communicating currents of electricity to persons on the introduc- 
tion of specified coins or checks.” J.T. Anmstrona, A. SERRAIL- 
LIER. Dated February 7. 

1843. ‘‘ Improvements in rheostats and rheotorees.” J. C. 
Mewsvurn. (Communicated by La Société Anonyme pour la 
Transmission de la Force par ]’Electricit¢, of France.) Dated 
February 7. 

1919. ‘ An improvement in arc electric lamps.” A. J. Howes. 
Dated February 8. 

1926. “A mechanical chair or seat for the delivery of a 
current of electricity upon the insertion of a coin.”’ H. C. Braun, 
A. F. Luovp. Dated February 8. 

1964. “ Improvements in electrical switches suitable for in- 
candescent lamps.” F. T. Scumipr. Dated February 9. 

1968. “ An improved secondary battery or accumulator for 
the storage of electricity.” Dated February 9. 

1981. “ A new or improved electromotor.” T. Parker. Dated 
February 9. 

1991. “The manufacture of nickel electrotypes.” TT. L. 
M. Hare, L. Boupreaux. Dated February 9. 

1996. ‘‘ Improvements in apparatus for receiving payments 
and giving value in exchange therefor, and in means for attaching 
such apparatus to posts, columns, or the like.” F. L. Rawson, 
G. Orror, J. S. Wattace. Dated February 9. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1886. 


5720. “Improvements in dynamo-electric machines.” C. 
Corrrer. Dated April 19. 4d. Claim:—The combination with 
the armature or field magnets of a machine generator of electri- 
city of a flywheel, disc, or the like, which has no direct magneto- 
electric action, the said armature or the field magnets being fixed 
to the fly mass in such a manner that the degree of uniformity of 
the circumferential velocity that is required for a constant tension 
at the terminals is maintained. 

6927. ‘ A compound for covering electric wires, applicable also 
for other purposes.” W. Merrirr. Dated May ll. 4d. 
Claim :—The compound consisting of silicate of soda, fir balsam 
or an equivalent, asbestos, sugar, oxalic acid and water compounded, 
substantially as described and for the purpose set forth. 
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Apropos of the article on an incandescent lamp freak 
appearing in your journal of 3rd inst., it may interest 
some of your readers to know that we had the same 
phenomenon occur in one of the lamps running at the 
London Stock Exchange, where we have the mainte- 
nance of a large installation. The breakage in this 
case took place in an Edison-Swan lamp of 50 C.P., but 
its location differs from that cited by you. It will be 
seen from the accompanying drawing that the glass 
softened very near the point where the joint between 
the carbon and the platinum takes place; it has evi- 
dently softened here, and presents the same funnel- 
shaped appearance, the carbon being cut away in a 
similar manner to the Bernstein Jamp shown in your 
sketch. The interior of the lamp is also blackened, and it 
would certainly seem that the extra heat developed in 
the neighbourhood of the “ mount,” acting upon an un- 
usually thin portion of the glass, gradually caused it to 
give way, the progress at the finish being’ very rapid, 
and causing the very symmetrical shape of the funnel 
which is so noticeable. The break in the filament being 
exactly opposite the opening shows how sudden was 
the final rush of air. 

Woodhouse and Rawson, Limited. 


P.S.—The blackening of the lamp is instantaneous, 
as is well known, and takes place at the moment of 
rupture. 


[The flaw shown in the illustration accompanying 
Messrs. Woodhouse and Rawson’s letter has a very 
similar appearance to that published in the REVIEW 
of the 3rd inst.—EpDs. ELEC. REV.] 


Trouve Moist Battery. 


Willthe editor, or an electric reader who hassucceeded, 
kindly say what paper is used for this battery ? How it 
is prepared ? And if anything besides moist paper is 
used ? that is to separate the zinc and copper discs. I 
can only get the faintest current. 


A. W. 


Eleetro-Quackery. 


In reference to the correspondence which is appear- 
ing in your paper, the following cutting from the 
Burnley Express (a paper which has a large circulation 
amongst the cotton operatives—people who have no 
money to waste) shows the way these galvanic swindles 
are helped on. I enclose also a list of testimonials 
which show the peculiar way in which people are 
affected by any cure which is done by a charm. 


E. H. Berry. 
The following is a copy of the cutting alluded 
to :—“THE MAGNETAIRE.—On referring to Mr. i) 


advertisement, it will be seen that he has made some 
remarkable cures in Burnley; and as names and 
addresses are given in every case, the public may easily 
prove their genuineness.” 


Mr. Jerritt has hit the right nail on the head. The 
course he proposes will do something to protect the 
silly section—a very large one—of the public. But it 
is only through the daily press that the impudent 
swindlers who make abuse of its advertising columns 
can be fairly met. The proposed pamphlet, therefore, 
should be widely advertised. I, too, shall be most 
willing to contribute my mite towards this good work. 


Desmond G. FitzGerald. 


Correction for the Length of the Needle of the Tangent 
Galvanometer. 


_I have to express my thanks to Mr. Elliott for his 
kindness in explaining the Maxwell method of caleu- 
lating the error due to the length of the needle of the 
tangent galvanometer, 
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CORRESPONDENCE. I find that the correction of Joule and Jack 
Incandesvent Lamp Phenomenon. tan @ + 3 (4 tan’ @— 1) (=) sin 2 6 


if written as 


readily reduces to 
tan of 1 + (5 sin? — yt (1) 
The formule that Mr. Elliott gives is, however, 
tan 43 1) \ (2) 


or the correction per cent in Mr. Elliott’s formula is 
but ? that of Joule and Jack. Doubtless Mr, Elliott 
can explain this slight discrepancy. 

Mr. Elliott says that for practical testing the correc- 
tion is of no importance. My experience has also been 
that no correction is necessary in practical testing ; 
and the formula I have given seemed to agree pretty 
well with my observations. But I was led to doubt 
the accuracy of Joule and Jack’s correction because it 
seemed to me to be rather too large. Perhaps I can 
best illustrate this by citing an example :— 

Let two currents produce two deflections of 61° and 
352° respectively, then 


tan 61°__, 
tan 353” 


or the first current measures 3 of the second. But if 
instead of tan 0, Mr. Elliott’s reduction of my formula 
be taken :-— 


tan of 14 (1 —2coste)t 
R J 
Then when the magnetic diameter of the coil is ten 
times the magnetic length of the needle, the first cur- 
rent measures as 
tan 61° {1 + ‘O01 (1 — 2 cos? 61°)} 


tan 359° {1 + ‘01 (1 — 2 cos? 352°); 
= $1°:0005 times the second current, or the error is 
*85 per cent. 

If, however, Joule and Jack’s formula (1) replaces 
tan 6, then the first current equals } 1-021 the second, 
or the error is 2'1 per cent. Or if Mr. Elliott’s formula 
be substituted for tan 9, the first current is equal to 
§ 1:01574 times the second, or the error is 1°574 per 
cent. 

Now the Post Office tangent galvanometer has a 
magnetic length of ;, the magnetic diameter of the 
coil, and one of the principle uses to which this in- 
strument is put is to determine the fall per cent. of the 
E.M.F. of different batteries from a standard E.M.F. : 
the constant being taken at 353°, and the fall per cent. 
of the other batteries are read from a tangentially 
divided scale at about the angle of 61°. If, then, the 
fall of E.M.F. is read as 4 per cent. according to Joule 
and Jack, the correct fall should be 2 per cent., or 
according to Mr. Elliott the correct fall should be 25 
per cent., so that it would appear from Joule and Jack's 
formula that in this instance the correction for the 
length of the needle should not be ignored. 


W. Moon. 
February 14th, 1888. 


Brooks’s Underground System. 


With reference to the above-mentioned system, 
permit me to add a contribution to the criticisms of 
“ Underground” and “Conductor.” 

Mr. Brooks states that when bringing his conductors 
to a lamp, instrument, or terminal, it is necessary, or 
advisable, to cut away the lead covering and the “in- 
sulating ” material, and coyer up a portion of his con- 
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ductor with India-rubber sleeves. To quote Mr. 
Brook :—‘ It will be seen that if the insulation letter 
‘C’ becomes sufficiently damp to carry a current from 
the conductor to the lead covering ‘B,’ that it can go 
no further than the rubber sleeves, otherwise the current 
would go to earth.” No better commentary on the 
practical value of India-rubber as an insulator, com- 
pared with Mr. Brooks’s “insalation,” apart from the 
specific dielectric resistance of the respective materials, 
could be enunciated. 

I think that the majority of electrical engineers will 
accept with some reserve Mr. Brooks’s statement that 
no soldering is needed in the making of joints. It is 
well known that in very heavy conductors the question 
of jointing is a feature presenting many difficulties, 
but only because “ European electricians ” consider that 
soldering in some form or another is essential to the 
making of a thoroughly trustworthy joint. So far as 
size goes, this difficulty does not present itself in the 
case of the conductors specified by Mr. Brooks. 

Mr. Brooks says :—“ I notice someone, evidently in- 
terested in other kinds of insulation, writes in one of 
the English journals that the tendency of the current 
to pass from the conductor to the lead is ‘fatal.’” A 
statement such as this detracts, in a great measure, from 
whatever merit might otherwise be conceded to the 
more reasonable portions of Mr. Brooks’s contribution. 
For even if an observation of this nature had been made 
in some English journal, surely Mr. Brooks cannot 
think his argument is strengthed by the introduction 
of exceptionally foolish quotations. 


Re tests Brooks cable, given by Mr. D. Brooks in 
your issue of 3rd inst., wonder fills me why the tests 
are given in the inverse order of their dates. Taking 
the tests per mile, and in sequential order, the figures 
are thus :— 

Megohms per knot. 
Nov. 11th, by result of 4 wires ... over 5,833 
Dec. 8th, 11,200 
Dec. 11th, ,, 1,968 


which points, if anything, to a great fall of insulation 
ina short time, as the tests of November llth and 
December 11th were evidently made on the same wires 
numbered 1 to 4, while owing to decrease in tempera- 
ture the values at the latter date ought to be higher. 
Some explanation on this point would have been far 
more satisfactory than the introduction of the German- 
Government-phantom-joint-mile coefficient (probably 
patented ! ) 
F. J. 


The Crompton-Swinburne Dynamo, 


When we filed the provisional specification we 
thought the whole of our invention was quite new, but 
before filing the complete I found that part of it was 
to some extent old. The credit of winding the wire 
through holes is due to Mr. Wenstriim. Mr. Wen- 
strém’s machine was, however, so different from ours 
otherwise, that that mattered little. It was on what is 
known as the “ironclad” principle, and the out-put in 
proportion to the armature size was no greater than 
usual, and the weight of the machine was not small. 
Our machine gives from two to four times the usual 
output for a given armature, and as the field magnets 
and coils are exceedingly small, the output compared 
with the total weight is enormous in comparison with 
present practice. 

No doubt credit is also due to Mr. Brown, and I, like 
every other electrical engineer, have seen accounts of 
his machines which appear very good. I saw one at 
work in New York last October. It seemed to be a 
dynamo of the “ Manchester” type with the armature 
Wire wound through small holes near the periphery. 

he magnets were large and the output nothing ex- 
traordinary, I saw no descriptions of Mr. Brown’s 


machines in 1886, and those in 1887, of course, do not 
matter, as the patent is of December, 1886. In addition 
to this, neither Wenstriim’s nor the Oerlikon dynamo 
are within the patent as the claims are drawn. 

As a matter of interest I may mention that I have a 
sketch ofa machine with a continuous surface armature 
dated May, 1885. Mr. Crompton was also working in 
the same direction in 1884, as may be seen from one of 
the drawings in 4,302 of that year. 

A glance at our specification and drawings will, I 
think show that we do not merely take an ordinary 
machine and embed the armature wires, but that our 
machines are a very wide departure from ordinary 
dynamo design. At the same time, nothing is further 
from our intention than to undervalue the work of Mr. 
Wenstriim or of Mr. Brown. 

das. Swinburne, 


A Suggestion. 


The Council of the Society of Telegraph Engineers 
and Electricians is inviting the opinion of members on 
the question of the proposed change of title. 1 have 
not heard, or seen, any authoritative announcement on 
a point that strikes me as an important one to be con- 
sidered ; and as, from certain remarks in the last issue 
of your contemporary (The Hlectrician), agreement 
appears to be rather taken for granted than assured, I 
should like to be permitted to ask whether the Council 
is convinced that no objection will be raised by the 
Institution of Civil Engineers to the proposed new 
title. 

“Institution of Electrical Engineers” strikes me as 
a very close imitation of “Institution of Civil Engi- 
neers,” and, when abbreviated, “ M.Inst.E.E.” is not so 
much unlike “ M.Inst.C.E.” that—especially when 
badly written—it will not occasionally be mistaken 
for the older title. “ M.Inst,C.E.” too, has a value at 
present not attaching to “M.S.T.E.,” so is it advisable 
to provoke the remarks of a scoffing generation ? 

As the Society of Telegraph Engineers owes the In- 
stitution of Civil Engineers a great debt of gratitude, 
it is very greatly to be desired that no misunderstand- 
ing should arise. There may be no chance of any 
arising, but I certainly think, before the question is 
finally decided, we should know what are likely to be 
the views of the Institution of Civil Engineers. I 
enclose my card. 


February 13th, 1888. 


[ We understand that this matter was taken into con- 
sideration, and arrangements made accordingly.—EDs. 
ELEC. REV.] 


Q, A.S.T.E. & E. 


Telegraphic Monopoly in America. 


I have lately noticed frequent statements in news- 
papers, as well as in your own issue of last week, that 
the purchase of the Baltimore and Ohio Telegraph 
Company’s system by the Western Union gives a vir- 
tual monopoly to the latter in the States. 

I have before me a “ List of Stations” of the “ United 
Lines Telegraph Company,” now in strong opposition 
to the monopolists, from which I find that there are 
hundreds of that Company’s offices all over the States. 
A monopoly, undoubtedly, is possessed in some of the 
Southern and South-Western States, but it is doubtful 
whether the “United” look upon that fact with en- 
vious eyes. 

Asa considerable proportion of the Commercial Cable 
Company’s traffic originates from inland centres, it is 
evident that British newspapers are circulating a state- 
ment very much at variance with facts. P 

ag, 
Glasgow, February 11th, 1888, 
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The Candle Power of Are Lamps. 


To the very pertinent query of our ever-humbug- 
hating Editors referring to the origin of the fantastic 
figures supposed to represent the photometric effect of 
arc lamps, not a single one of the many manufacturers 
who thus seek to throw dust in the eyes of the public 
has dared to attempt a reply. 

Unfortunately, this fact does not prevent the manu- 
facturers from advertising their lamps as producing a 
light equal to an impossible number of “standard” 
candles. 

The question : “ Why are arc lamps persistently said 
to be of 2,000 C.P.?” has, I doubt not, been mentally 
answered by many readers of the REVIEW somewhat 
as follows :— 

Because this poetical fiction was imported into England 
by a very successful company which lighted up a por- 
tion of the City some years ago and advertised its 
lamp as being of 2,000C.P. Another company, less 
clever, but certainly as honest, engaged in the same 
work, simply stated the actual candle-power of its 
lamps, even underrating it somewhat. The result, 
undeniably, was that the public jumped at the con- 
clusion that the Yankee system was immensely superior 
to all others, and the “ would-be investor” rushed to 
buy up shares, much to the joy of the “’cute” director 
who had so ably calculated upon the “ gullibility ” of 
the crowd. 

Of course, this success led all imitators in electrical 
humbug to adopt the ridiculous figure in question, 
to represent the illuminating power of their various 
lamps, and the absurd tradition is kept up “ even 
unto this day.” 

As a matter of fact, an are of 2,000 actual C.P. 
absorbs: about 1°6 to 1:7 electrical H.P. The regulators 
above referred to absorbed about 0°60 H.P., and their 
luminous intensity was equal to about 360 candles ! 

So much for the misrepresentation of the fact. As 
for the present, we most regretfully admit that this 
very bad example is followed still faithfully, and that 
every, or nearly every, advertisement of arc lamps is 
based upon some such perversions of the truth. _ 

The latest startling notion is the “arc-ette.” Perso- 
nally, I consider that the unknown inventor of this 
terrible term deserves a chastisement from every right- 
thinking and English-speaking electrician, in order to 
discourage any further attempt in this direction. 

It might, perhaps, be supposed that “arc-ette” in- 
vented to rhyme with “coquette,” a poetical method 
of expressing the instability of the thing. This is not 
the case ; the termination “ ette” is sufficient to express 
the diminutive nature of the are in question. It 
appears that their photometric effect equals only 300 
candle-power. Such a lamp would absorb on/y about 
half a horse-power, and must therefore be considered 
as a small concern. 

But if such an are is only an “arcette,” what does 
the inventor of this wondrous word deem worthy of 
the name of arc, and what an arc of respectable dimen- 
sions. I] suppose that the “ arcettist”” would put down 
a lighthouse regulator as a decidedly “ one hoss” affair. 

F. de Wolffers. 

Paris. 


Safety Fuses. 


After hearing Mr. Cockburn’s paper “On Safety 
Fuses, &c.,” read before the Society of Telegraph-Engi- 
neers and Electricians, I, in common with many others, 
was under the impression that to him alone was due 
the idea of straining a fuse wire so that it might act 
at a comparatively low temperature with a definite 
current. 

He mentioned, it is true, the cut-out invented (but 
not patented) by Prof. S. P. Thompson in 1879, and 
goes on to say :—“ A somewhat similar form of fuse is 
due to Sir Wm. Thomson. It consists of two springs 
with their tips soldered with a fusible solder. I have 
not tried this fuse for definite breaking point. The 


springs themselves form the chief resistance to the flow 
of current and become heated, thereby melting the 
solder and flying apart.” 

Now, it appears that in 1883 Boys and Cunynghame 
(1647) patented a cut-out in which two springs, con- 
nected in circuit, were held together by a fusible wire 
or connector, which latter was broken when heated by 
excess of current. In 1884 Sir Wm. Thomson and Mr, 
Bottomley (10,530) took out a patent in which is 
described the form mentioned by Mr. Cockburn ; but 
this is only one of the modifications described in the 
patent, and the worst, because the heat which fuses the 
solder is generated in the springs themselves ; whereas 
in one of the other forms described in the patent the 
springs are distinct, and do not become heated, and in 
yet another form, a plain fuse wire is hung over two 
pins, forming part of the circuit to be protected, and 
the two ends of the fuse wire are loaded with weights 
so as to strain the part between the two pins. This 
arrangement seems even preferable to the fuse of Mr. 
Cockburn, as the weights have not to be heated as well 
as the fuse and wire. For several reasons which the 
patentees explain, copper or silver wire is to be preferred 
to that of lead or other fusible metal. 

In view of the above, the statement in Mr. Cock- 
burn’s reply (vide ELECTRICAL REVIEW, February 3rd, 
1888), that “ the tension wire used in Thomson’s fuse 
was not a new idea, as he himself had tried springs, 
but had not found them to answer satisfactorily, as the 
set of the springs continually altered,” requires expla- 
nation, as the date of Sir Wm. Thomson and Mr. 
Bottomley’s patent is 1884, and that of Mr. Cockburn’s 
is 1887. Even though his cut-out be not new, Mr. 
Cockburn, I am sure, deserves the thanks of electrical 
engineers for directing their attention to the careless 
way in which fuses have for so long been employed. 

Electrophile. 

February 1888, 


The Government and the Telephone Companies. 


In the last paragraph of your able leading article in 
Friday’s issue, you observe that—“ It will no doubt be 
contended that it is hardly fitting for a Government 
department to take over in toto the business as now 
dealt with by several of the telephone companies. Of 
course this is not desirable, nor is it necessary...... 
With the private wire or other business purposes for 
which the companies have been established, the 
Government can have no desire to interfere.” 

In reply, permit me to very briefly point out that, in 
the event of a Government purchase, it would be quite 
impracticable to separate private-line business from the 
“ Exchange.” 

Only to mention two objections out of several that 
occur to me, I would beg leave to remind you: 1. That 
both private and “Exchange” wires run, to a very 
considerable extent, on the same standard poles, c. 
2. A great and steadily increasing number of private 
lines have what are termed “ Exchange privileges” 
In other words, a large proportion of private wires can 
be switched through, at the renter’s own option, to the 
“Exchange.” I may add that this switch-through 
privilege is much appreciated by the manufacturing 
community, and our new business in private lines 
tends more and more in that direction. Also, among 
our older private wires, nearly all the important ones 
have by degrees gravitated into this * speak-through ” 
category. 

I could easily enlarge upon this theme, but I think 
sufficient has been said to demonstrate that the two 
chief branches of telephone business cannot possibly 
be separated when formulating a scheme for Govern- 
ment purchase—assuming, for argument’s sake (as in 
your leading article), such to be in contemplation. 


Kenneth Maclver, Secretary and General Manager, 


LANCASHIRE AND CHESHIRE T'ELEPHONIC 
ExcHanGce Company, 
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